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Introducing ATEM Mini Pro 


The compact television studio that lets you 
create presentation videos and live streams! 
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and now you can create your own streaming videos with ATEM Mini. 
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record your stream for upload later! 
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and program, plus streaming and recording status all on a single TV or monitor. 
There are even tally indicators to show when a camera is on air! Only ATEM Mini 
is a true professional television studio in a small compact design! 
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Countries such as the UK are choosing a dangerous way out of the pandemic 
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conversation. Now, with the virus still 
nowhere near eliminated, we would 
do well to concern ourselves with the 
principles of viral evolution too. 

It is a widespread misconception that 
viruses tend to evolve to become less 


deadly. To really grasp what a virus is likely 
to do, we must look at the opportunities it 


has to evolve and the selection pressures 
that could force it to change. 

In these respects, the UK has stumbled 
into a dangerous realm (see page 8). Its 
high infection numbers provide ample 


chance for evolutionary experimentation, 


while high-but-not-yet-high-enough 
levels of vaccination could prove a strong 
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The UK isn’t the only country setting 
itself up as a breeding ground for new 
variants. So is every nation with high 
infection numbers, particularly those 
with many partially vaccinated people. 

The hope that vaccines will still protect 
against severe illness, and that booster 
shots could upgrade immune responses 
to new variants, is of comfort only to 
wealthier countries. More than 86 per cent 
of the global population isn’t yet fully 
vaccinated. Those nations that will be 
most harmed by new variants are those 
that have already lost out due to richer 
countries’ vaccine nationalism. 

For the sake of the speediest possible 
end to this pandemic, every country has 
a duty now to think beyond its borders. 
That means taking whatever measures 
necessary to keep cases low. ff 
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Coronavirus 


UK covid-19 cases fall 


Coronavirus infections have fallen for seven days in a row, but whether 
it is a genuine drop remains to be seen, reports Graham Lawton 


ONE swallow doesn’t make a 
summer, but the recent sustained 
fall in covid-19 cases in the UK 
may represent a turning point. 
However, experts warn there are 
many other explanations for the 
decline that cannot be ruled out. 
As New Scientist went to press, 
the number of people in the UK 
testing positive for covid-19 had 
fallen for seven consecutive days, 
the longest sustained fall since 


daily cases started being recorded. 


According to official UK 
government figures, 23,511 new 
cases were reported on 27 July, 
down from 46,558 on 20 July. 
There are various possibilities 
for the fall, says Kit Yates at the 
University of Bath, UK, who 


keeps track of the numbers 
for the Independent SAGE group. 
“One is that genuinely infections 
are coming down because we’ve 
peaked and hit the herd immunity 
threshold,” he says. “I don’t think 
many people think that is the case.” 
Jeffrey Lazarus at the Barcelona 


being asked to self isolate may 
also be driving transmission 
down, says Stephen Griffin at 
the University of Leeds, UK. 
Another possibility is that 
cases aren't actually falling but 
detection rates are. Government 


Institute for Global HealthinSpain “Maybe we've hit the herd 


agrees: “At some point, witha 
relatively high vaccination rate 
and so many people infected in 
parts of the UK, I expect herd 
immunity to be reached, but lam 
not sure it has been reached yet.” 
Cases may have fallen for other 
reasons. People may have been 
cautious in the face of rising cases, 
or socialising more outdoors, says 
Yates. Large numbers of people 


immunity threshold, but 
| don’t think many people 
think that is the case” 


figures show that the number of 
tests being done has declined, 
dropping by 4.9 per cent in the 
week up to 22 July, the latest date 
for which figures are available. 
Yates says this may be because 
people are on holiday, or are 


Little lunar 

We may have seen 
a distant exomoon 
being born p20 


People enjoy the 
entertainment at Latitude 
Festival in Suffolk, UK 


preparing to go on holiday and 
don’t want to be forced to cancel 
because of a positive test. There 
may also bea backlog, with some 
labs reportedly struggling to 
process all the tests that are 
coming in, he says. 

Simon Clarke at the University 
of Reading, UK, says vaccination 
may mean that infected 
individuals aren’t experiencing 
many symptoms and won’t have 
hada test. “If we see an increasing 
number of double-vaccinated 
people get infected, they’re 
seemingly less likely to have 
symptoms and won't self-report.” 

The completion of the Euro 
2020 football tournament on 
11 July may also be a factor. “I do 
wonder whether we are just 
returning to where we would have 
been without the championships; 
the figures do show more men 
getting infected,” says Clarke. 

It is important to note that the 
impact of England removing most 
legal restrictions on gatherings 
and social distancing on 19 July 
has yet to feed into the numbers, 
as the average incubation period 
is five to six days. “The daily test 
numbers will begin to see the 
effect towards the end of this 
week,’ says James Naismith at 
the University of Oxford. 

Official figures are updated daily 
and the trend will be watched with 
interest. “We would need seven 
to 10 days of decline to report that 
it is truly declining,” says Lazarus. 

Another data drop that will 
be watched closely is the weekly 
Office for National Statistics 
Infection Survey, which is 
published every Friday. The 
latest, on 23 July, found that UK 
infections were rising in the week 
ending 17 July. That, however, is 
a week behind the government 
figures. “We need to look at the 
data as it comes out,” says Yates. 
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News 


Coronavirus 


The variant race Is upon us 


Several countries are at a point in their vaccination drives where immunity-escaping 
covid-19 variants are most likely to emerge, reports Michael Le Page 


BACK in March, an eventual end 
to the coronavirus pandemic 
appeared to be in sight. The 
number of covid-19 cases were 
plummeting in the UK and the 
US as vaccination levels rose. It 
seemed the same might gradually 
happen in country after country 
around the world. 

But then India was hit bya 
devastating second wave, due 
largely to anew variant now 
known as delta. After delta spread 
to many other countries, case 
numbers soared once again, 
including in the UK and US. 

The question is, will this keep 
happening? Will more dangerous 
variants keep evolving, causing 
fresh waves of infections around 
the world despite vaccine 
roll-outs? The answer is almost 
certainly yes. “Variants will 
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continue to arise, there’s no 
doubt,” says Ravi Gupta at the 
University of Cambridge. 

The SARS-CoV-2 coronavirus 
mutates relatively slowly 
compared with some similar 
viruses. Because of this, there were 
hopes early in the pandemic that 
the virus wouldn’t change much 
and that the pandemic would 
come toa swift end as people 
acquired immunity through 
infection or vaccination. 

It is now clear that those hopes 
are forlorn. SARS-CoV-2 has been 
evolving right from the start. 
Most mutations either make no 
difference to the virus’s behaviour 
or are harmful to the virus and 
so the viruses carrying them 
die out. But in March 2020, a 
mutation called D614G appeared 
that is now thought to make the 


virus 50 per cent more infectious. 
Although it was never givena 
specific name, it rapidly became 
the predominant variant. 

In September, a variant with 
23 mutations compared with the 
original virus was detected in the 
UK. Alpha, as it is now known, 


“Transmissibility will 
plateau - the virus 
won't keep getting more 
transmissible forever” 


is around 50 per cent more 
transmissible than D614G and 

it also spread around the world. 
Now, we have delta, which is about 
50 per cent more transmissible 
again — and can also evade 
immunity to some extent, like 
the beta and gamma variants, 
two other “variants of concern”. 


People meet in central 
London as restrictions lift 
in England on 19 July 


Higher infectiousness is the 
most worrying trait that the virus 
can evolve, because it makes it 
much harder to control. Amore 
transmissible virus will kill more 
people even ifit is no more 
virulent, because it will infect 
more individuals. 

Higher transmissibility also 
means a higher proportion of 
a population needs to be immune 
to achieve the herd immunity 
threshold, which is perhaps now 
as high as 90 per cent compared 
with around 70 per cent for the 
original virus. 

What’s more, infectiousness 
is often linked to immune evasion. 
Ifa virus replicates faster, says 
Gupta, it takes more antibodies 
to mop up all the viruses, which 
means an immune response that 
works against earlier variants 
could be overwhelmed. 

The good news is there is 
a limit to how much more 
transmissible the virus can 
become. “I think at some point 
transmissibility will plateau -— 
the virus won’t keep getting 
more transmissible forever,” 
says Jesse Bloom at the University 
of Washington in Seattle. 

However, that might take many 
more years or even decades. “I'd be 
cautious about saying that we are 
nearing its limit. We don’t know 
where that is,” says Gupta. “At the 
moment, the virus is basically 
saying there is no end to this.” 

Some have suggested that 
there is also alimit to how much 
the coronavirus can evolve to 
evade immunity. The most 
effective antibodies bind to the 
parts of the outer spike protein 
of the virus that help it infect 
cells, so it is thought that these 
parts cannot change much ifthe 


virus is to remain able to do this. 

The bad news is that new work 
by Bloom suggests that this belief 
is wrong and there is no limit to 
how far the virus can mutate to 
escape antibodies. “I expect [this 
kind of] change to continue 
forever,” he says. 

Until this work, it wasn’t clear 
whether the pre-existing human 
coronaviruses that are one of the 
causes of the common cold persist 
in people because our immunity 
to them is short-lived or because 
they keep evolving to evade our 
immunity. By analysing blood 
samples from as long ago as the 
1980s, Bloom’s team has now 
shown that their persistence is 
due to the continual emergence 
of so-called escape variants. 

If SARS-CoV-2 evolves like these 
other human coronaviruses, it will 
continue to acquire mutations 
that enable it to escape the 
recognition of antibodies, says 
Bloom. “I don’t expect any real 
end to this process.” Other viruses, 
such as flu, never run out of ways 
to dodge our immunity, he says. 


Evolutionary pressure 


Not only may there be no limit, 
there is also growing evolutionary 
pressure favouring the emergence 
of further escape variants. For 

a virus to evolve, two key things 
need to happen: the virus has 

to mutate inside a body and that 
mutant virus has to spread to 
other bodies. 

Ifa person with no immunity 
to the coronavirus breathes in 
alot of the virus, it can readily 
replicate in the upper airway. A 
virus with a mutation that boosts 
infectiousness, such as D614G, can 
have an advantage. It will replicate 
faster than the original virus and 
so will have a better chance of 
being passed on to other people. 

However, mutations that help 
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the virus dodge antibodies won’t 
provide any advantage because 
that person doesn’t yet have 
antibodies to the coronavirus. 
There is only a brief window 
when antibody production kicks in 
where antibody evasion provides 
any advantage. 

In many countries, however, 
lots of people now have some 
immunity due to vaccination or 
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previous infection. In individuals 
with high antibody levels, any 
viruses breathed in will be quickly 
mopped up. There is almost no 
chance for mutations to occur, let 
alone spread to another person. 
Unfortunately, a lot of people 
have only partial immunity. This 
may be because they have had 
only one dose ofa vaccine, they 
received one of the less effective 


Is an exit wave areal thing? 


The current wave of cases in 

the UK as restrictions are relaxed 
is being described as an exit 
wave. This term implies it will 

be the last wave the country 

will see, but many experts 

think there will be more. 

"The idea that that’s the 
end of it - unfortunately not,” 
says Aris Katzourakis at the 
University of Oxford. “We may 
be undergoing this harm for 
no long-term pay-off.” 

In fact, there could be more 
waves even without new variants 
emerging. “If there’s waning 
immunity or if contact rates 
go up, then we will see future 
waves as well,” says Graham 


Acovid-19 patient is treated 
in Queen Alexandra Hospital 
in Portsmouth, UK 


Medley at the London School 
of Hygiene & Tropical Medicine. 
“It is a bit of aeuphemism to 
call it an exit wave.” 

It has also been suggested 
that a big exit wave is inevitable 
whenever restrictions are 
relaxed, but Katzourakis 
disagrees. “If you vaccinate 
enough people before exiting, 
the size of the wave will always 
be smaller, perhaps so small as 
to be imperceptible,” he says. 

The optimistic scenario is that 
as countries roll out vaccines and 
ease restrictions, SARS-CoV-2 
will start to behave like a cold 
virus, circulating at a low level 
and causing only mild cases, like 
the existing human coronaviruses. 

Unfortunately, getting to this 
point could take years or even 
decades, says Katzourakis - if 
it happens at all. SARS-CoV-2 
could instead behave more like 
flu, with new variants causing 
occasional waves and pandemics 
with a substantial death toll. 

There is also a grim reason 
why some common viruses 
do little harm. “The virus could 
become benign by killing off all 
of the people in the population 
that are susceptible to it,” says 
Katzourakis. “That, to put it 
mildly, is not something we'd 
want to let happen.” 


vaccines, they didn’t respond 
that strongly after being infected 
or vaccinated, or their prior 
immunity has started to wane. 

In these people, antibodies — 
albeit a limited number -—are 
present right from the start ofan 
infection. Any virus that mutates 
ina way that helps it dodge 
those antibodies will have a big 
advantage and may rapidly come 
to outnumber the original variant, 
giving it a much higher chance 
of being passed on. 

When the level of immunity 
in a population is low, there is 
little selective pressure for escape 
variants to emerge, says Aris 
Katzourakis at the University of 
Oxford. When this level is very 


“1 don’t expect any real end 
to the process by which the 
coronavirus will continue 
to acquire mutations” 


high, it becomes very hard for the 
virus to spread. “Even ifan escape 
variant emerges, it would fizzle 
out,” he says. 

In between these two extremes 
is a point where escape variants 
are most likely to evolve and 
spread. The UK is probably now 
at this point, says Katzourakis, 
with reasonably high vaccination 
levels, but also lots of cases. 

There are many other countries 
with large numbers of cases and 
high levels of partial immunity 
due to vaccination or past 
infection, however, so the UK is 
far from the only place where new 
escape variants are likely. It could 
happen anywhere where the virus 
is spreading — and in several ways. 

For instance, the virus can linger 
for months in people with weak 
immune responses, potentially 
acquiring multiple mutations. 
Alpha might have evolved this 
way. In the US alone, there are 
10 million people whose > 
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immune systems are 
compromised. 

The virus could also jump to 
animals, acquire new mutations 
and then jump back into people. 
This has happened at least once, 
with mink in Denmark, but 
fortunately the resulting variant 
wasn't especially dangerous. 

And ifa person gets infected by 
more than one variant at a time — 
or by a SARS-CoV-2 variant and 
one of the human coronaviruses 
that causes the common cold- 
the genomes of the viruses could 
merge through a process called 
recombination to create a hybrid. 

There is no way to predict when 
or where this will occur, or how 
bad the result will be. But what is 
generally agreed is that the fewer 
cases there are, the lower the 
risk of these things happening, 
says Katzourakis. 

This means the best strategy for 
avoiding the evolution of escape 
variants is to keep cases as low 
as we are able while vaccinating 
populations as fast as possible, 
he says —to cross the point of 
maximum risk as quickly as we 
can, rather than lingering there. 

“If enough people are 
vaccinated and have strong 
immune responses, we get there 
quickly without having escape 
[variants occurring] in the 
interim,” says Katzourakis. 

This obviously cannot be 
achieved by natural infection, 
by letting the virus rip through a 
population with no restrictions. 


Deadlier variants? 


What’s more, Bloom and his 
colleagues have shown that 
vaccines tend to elicit a wider range 
of the most effective antibodies, 
the ones that bind to those key 
parts of the spike protein, than 
infection does. In other words, it 
might be harder for the virus to 
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"The best strategy for 
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avoiding ‘escape variants’ 
is to keep cases low while 
vaccinating fast” 


13.8% 


of the world’s population is fully 
vaccinated as of 26 July 


Avaccination site in 
Florida, a state in which 
cases are surging 


escape vaccine-induced immunity 
than natural immunity. 

In addition to evading 
immunity, new variants could 
also become more deadly. While 
it is often said that viruses evolve 
to cause milder disease, this is 
no longer thought to be the case. 
On the contrary, there are several 
reasons to think SARS-CoV-2 could 
become more lethal. 

For starters, people with covid-19 
are most infectious just before 
symptoms appear, so causing more 
severe disease has little effect on 
the virus’s chance of spreading. 

Some studies suggest that 
variants such as delta are also 
evolving the ability to spread 
directly from cell to cell, rather 
than via the blood, enabling them 
to dodge antibodies. This process 
can cause cells to fuse together, 
seriously damaging tissues. 

“This would be consistent 
with increased cell-to-cell spread 
leading to higher virulence,” 
says Shan-Lu Liu at the Ohio State 
University. However, his team 
has only demonstrated this type 
of spread in the lab, not in infected 
individuals, he cautions. 


Another reason why some 
viruses evolve to cause milder 
infections is because they become 
optimised to target our upper 
airways, as pointed out by Amalio 
Telenti at Scripps Research and 
his colleagues in a recent paper 
in Nature. In the upper airway, 
viruses shed by cells are much 
more likely to be breathed out 
and infect others, when compared 
with viruses that zero in on our 
lungs. But the receptor targeted by 
SARS-CoV-2 is also present lower 
down in the respiratory system, 
so this doesn’t apply. 

On the plus side, a growing 
number of studies show that 
several vaccines still provide 
excellent protection against severe 
disease and death even ifthey are 
slightly less effective at preventing 
infection by new variants such 
as delta. The expectation is that 
this protection will only be lost 
slowly. “The erosion of antibody 
recognition is gradual,” says 
Bloom. “It will likely take many 
mutations accumulated over 
multiple years.” 

Ifthat is the case, in high- 
income countries at least, there 
will be plenty of time to roll out 
booster shots before any variants 
completely escape any vaccine. 
Some vaccine companies have 
already developed booster shots 
that should be more effective 
against new variants. 

It might also be possible to 
develop vaccines that provide 
protection against a much broader 
range of variants. 

Despite vaccines being our best 
bet against new variants, so far only 
about 13.8 per cent of the world’s 
population is fully vaccinated. 

Many countries now face 
their greatest threat during 
the pandemic, says Katzourakis. 
“With the delta variant [spreading] 
in some parts of the world, things 
are about to get a lot worse.” ff 


Analysis Climate change 


Is the climate becoming too extreme to predict? A string 
of record-shattering weather events has shocked scientists, 
but climate models continue to improve, says Adam Vaughan 


RECORD-BREAKING climate 
events, such as Canada’s highest 
temperature on record being 
exceeded by almost 5°C last 
month, will be increasingly likely 
in the coming decades, suggests 
new research. It comes as the 
ability of climate models to predict 
such extremes has been called 
into question following intense 
weather events around the world. 
Erich Fischer at ETH Zurich, 
Switzerland, and his colleagues ran 
computer models to simulate the 
average maximum temperature 
of the hottest week of the year 
in parts of North America and 
Europe to see if they could yield 
temperatures that broke records 
by large margins. They could: 
some emissions scenarios 
smashed records by more than 
1°C by 2030, not the 0.1°C or 
0.2°C usually predicted. 
The researchers conclude 
that the likelihood of such 
record-breaking events is largely 
down to the speed at which Earth 
is warming, not just the amount 
it has warmed, which is 1.1°C so far 
and continues to rise. “It’s really 
the rate of change,” says Fischer. 
Geert Jan van Oldenborgh at the 
Royal Netherlands Meteorological 
Institute, who linked North 
America’s recent heatwave to 
climate change, says it is worrying 
that some models indicated these 
new records were impossible. 
Such models have a theoretical 
distribution of extreme values, 
which gives an upper bound for 
temperatures in an area. That 
limit usually moves smoothly 
up in line with climate change. 
“Then this heatwave came 
and it was way above the upper 
bound [for the region]. It’s rather 
surprising and shaking that 
our theoretical picture of how 
heatwaves behave was broken so 
roughly,” says van Oldenborgh. 
The heatwave isn’t the only 
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event that has rattled scientists of 
late. Germany has been hit by fatal 
floods while Henan in China has 
seen people killed during some of 
the heaviest rainfall ever seen 
there. “It has shocked me,” says Tim 
Palmer at the University of Oxford. 
So what of future events? Ata 
broad level, climate models have 
done a good job of predicting 
large-scale shifts from climate 
change, says Peter Stott at the 
UK’s Met Office. “Not just the 
global average temperature 
rise, but the increase in extreme 
temperatures and rainfall. 
That’s been very clearly signalled, 


Highways in Ahrweiler, 
Germany, were heavily 
damaged by flooding 


and is indeed what’s happening.” 

However, older models weren’t 
capturing the intensity of some 
regional extremes like those seen 
in Canada, says Stott. The good 
news, he says, is that some new 
climate models have a higher 
level of spatial detail more akin to 
weather models, down to a grid of 
boxes 2 kilometres across, which 
will be better at predicting local 
extremes. Modellers are also 
getting better at understanding 
the processes behind short but 
intense rainfall, like that seen 
in Germany and China. 

However, the higher resolution 
required for some models 
generally needs more computing 
power. And resolution isn’t the 
only issue for projecting extremes: 
another significant problem 
is timescales. Much climate 
modelling works on centennial 
timescales, but some scientists 
have now turned to decadal 
predictions, which could roughly 
be described as weather forecasts 
spun out to predict the next few 
years. These can already predict 
Atlantic hurricanes. 

“There’s definitely a move 


towards these decadal predictions. 


They are not for predicting what 
climate change will do, but what 


The aftermath of 
flooding in Swisttal- 
Odendorf, Germany 


climate change is doing now,” 
says Ted Shepherd at the 
University of Reading, UK. 

While many modellers say 
greater computing power alone 
isn’t a silver bullet for projecting 
extremes, it should help. One 
example is the computing needed 
to yield numbers from the 
complex calculations of the 
Navier-Stokes equations, which 
can be used to model motion in 
the atmosphere. 

More processing power would 
give more accurate figures, says 
Palmer. “It does basically come 
down to computing.” He has called 
fora “CERN for climate change”, 
a supercomputing project he 
believes could be run for about 
€200 million a year. 

It is worth remembering that 
climate models are always 
improving, says Tim Osborn at 
the University of East Anglia, UK. 
He says it is possible that models 
can’t simulate records like those 
for North America’s heat because 
they are failing to pick upa 
complex combination of processes, 
such as an interaction between 
clear skies, low soil moisture and 
wind direction, but the truth is 
we simply don’t know yet. 

Better climate models will 
be vital for adapting to climate 
change and informing early 
warning systems to avoid deaths. 
But it isn’t as though we need 
them to act on mitigating 
the cause of climate change: 
humanity’s greenhouse gas 
emissions. “I don’t think it’s the 
models,” says Shepherd. “I think 
people are not taking action on 
climate change for other reasons. 
They put their head in the sand. 
It’s hard to imagine things that 
haven’t happened.” & 
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Genetics 


Fullhuman genome put to work 


Most detailed human genome sequence reveals hidden variation between people 


Michael Marshall 


A NEW, more complete version 
of the human genomeis already 
bearing fruit after being released 
two months ago. It has uncovered 
enormous amounts of genetic 
variation between people that we 
couldn’t detect before — variation 
that may underlie diseases. 

Other studies have suggested 
that the new genome will finally 
reveal the functions of seemingly 
useless, repetitive sequences of 
“junk DNA”. These have proved 
hard to study before now because 
standard sequencing technology 
breaks up DNA into very small 
chunks that are difficult to piece 
together when they contain 
repeated information and 
so look similar. 

“We've been blind to it,” says 
Karen Miga at the University 
of California, Santa Cruz. 

Miga is co-leader of the 
Telomere-to-Telomere consortium, 
which in May published the most 
complete sequence of the human 
genome to date. The new genome 
filled in the missing 8 per cent 
of the sequence, most of which 
is highly repetitive. It also 
provided a more accurate picture 
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of the remaining 92 per cent 
of the sequence. 

Miga and her colleagues 
have now released five preprints 
analysing the new genome. 
While two are mostly about 
checking the sequence, the 
others are new analyses. 

In one study, Megan Dennis at 
the University of California, Davis, 
and her colleagues compared the 
new genome with more than 


The human genome 
is finally coming into 
amore detailed focus 


3000 others, harnessing new 
information available in the 92 per 
cent of the genetic sequence that 
was already known. They were 
looking for variants — genetic sites 
that vary from person to person. 
They identified hundreds of 
thousands of new ones (bioRxiv, 
doi.org/gk6dwce). 

Using the information in the 
new genome, it was also possible 
to improve our understanding 
of the genetic structure of several 
hundred genes, says co-author 
Michael Schatz at Johns Hopkins 
University in Maryland. “We know 
there are diseases associated 
with those genes.” 

“There is variation that we 
previously did not ascertain right,” 
says Jan Korbel at the European 
Molecular Biology Laboratory in 
Heidelberg, Germany, who wasn’t 
involved in the studies. He says 
the biggest improvements in the 
clarity of the genetic sequence are 
in large mutations, like sections 
of DNA flipped end to end. 

A second study, led by Rachel 
O’Neill at the University of 
Connecticut, mapped sections 
where the same stretch of DNA 


is repeated over and over without 
interruption. The researchers 
identified many new repeats and 
even new kinds of repeats. Lots 
of the repeats were “composites” 
in which several different repeats 
were strung together in distinctive 
ways (bioRxiv, doi.org/gk6dwf). 
“Most surprising is the number 
of repeats and the types of 
complex repeats,” says O’Neill. 
“They’re not just random repeated 
sequences, they have structure, 
and that structure can impact 
the organisation of our genome.” 
Many geneticists have long 
argued that much ofthis repetitive 
DNA has no function and is “junk”. 
However, some parts do seem 
to play roles —for instance, in 
regulating the activity of genes. 
In the final study, Miga and 
her colleagues mapped regions 
called centromeres, which are 
crucial for cell division and 
thus cancer (bioRxiv, doi.org/ 
gk6dwd). They found that key 
sequences called alpha-satellites 
are frequently duplicated, 
creating a cluster of new copies 
surrounded by older, damaged 
copies. It isn’t clear why. 8 


Bioengineering 


Termite bacteria 
could chomp wood 
waste into biofuel 


BACTERIA in one termite species’ 
guts can break down toxic creosote, 
which is used to preserve wood. 
The finding could be useful for 
turning harmful, chemically 
treated wood waste into biofuels. 
Termites’ guts are teeming with 
microbes that allow the insects to 
digest tough lignin and cellulose in 
wood. Previous studies suggested 
that the microorganisms could be 
key to turning lignocellulose - which 
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contains these substances and is the 
most abundant source of renewable 
carbon on the planet - into biofuels 
via anaerobic digestion. 

Anaerobic digester systems often 
use methane-producing microbes 
in the absence of oxygen to convert 
food waste or sewage into biogas, a 
mixture comprising mostly methane 
with a bit of carbon dioxide. But 
converting woody plants is difficult 
because most microorganisms 
struggle to break up lignocellulose. 
Throw toxic wood preservers into 
the mix and it becomes even harder. 

Sameh Ali and Jianzhong Sun at 
Jiangsu University, China, have now 


found that bacteria in the guts of 
Coptotermes formosanus termites 
can decontaminate wood containing 
creosote, such as fence posts, while 
breaking down lignocellulose, 
which makes it easier for anaerobic 


bioreactors to convert it into biofuels. 


The researchers isolated bacteria 
from the termites’ guts and selected 
four species that they found could 
decompose creosote. They then 
grew the bacteria together in liquid 


“If it is possible to scale 


the experiments up, the 
approach may be useful 
for recycling treated wood” 


cultures. When creosote-soaked 
sawdust was treated with the 
bacterial mix for 12 days, it removed 
toxic naphthalene and phenol. 

The resulting product was then 
anaerobically digested, revealing 
that the bacterial pretreatment 
boosted biogas and methane yields 
by around 58 per cent and 83 per 
cent respectively (Bioresource 
Technology, doi.org/gppk). 

“If it is possible to scale the 
experiments up, the approach 
may be useful for recycling treated 
wood,” says Nathan Lo at the 
University of Sydney, Australia. I 
James Urquhart 


Space exploration 


Russian science lab 
launched to expand ISS 


Jonathan O’Callaghan 


RUSSIA has launched a new 
module for the International 
Space Station (ISS), after more 
than a decade of delays. The 
Nauka module blasted off from 
Baikonur Cosmodrome in 
Kazakhstan on top ofa Proton-M 
rocket on 21 July, along witha 
robotic arm for the station made 
by the European Space Agency. 

The ISS is composed of 
modules and equipment 
from different space agencies, 
including Europe, Japan and 
Canada. The bulk of the station 
is composed of two main 
sections, a Russian segment 
anda US segment. At 13 metres 
long and weighing more than 
20 tonnes, Nauka, also called 
the Multipurpose Laboratory 
Module, will be among the 
largest parts in Russia’s half. 

Nauka had a problem with its 
propulsion system shortly after 
launch, but mission controllers 
were able to solve the problem. 
As New Scientist went to press, 
the module was expected to 
reach the ISS on 29 July. 

Once attached, Nauka will 
act as anew hub for the Russian 
segment of the station. “It’s a 
science laboratory, and it also 
provides a lot of important 
service systems,’ says Anatoly 
Zak, editor of the website 
RussianSpaceWeb.com. Planned 
research includes biological and 
materials science experiments. 
“Tt’s a step in making the Russian 
segment more independent 
[from the US segment],” says 
Zak. This includes a new toilet 
and sleeping compartments. 

The launch of Nauka has 
been along time coming, with 
construction of the module 
beginning in the 1990s. Issues 


The Nauka module being 
prepared for launch to the 
International Space Station 


since then, such as the loss 

of components from Ukraine 
following Russia’s annexation 
of Crimea in 2014, have seen 
development slow. “It’s much 
more complex than anything 
the Russian space programme 
has tried to build in the last 
few years,” says Zak. Russia's 
last module —Rassvet — was 
carried to the ISS by a US space 
shuttle in 2010. 


“It’s much more complex 


than anything Russia 
has tried to build in 
the last few years” 


Nauka’s launch also comes at 
atime when Russia’s future on 
the ISS is in doubt. Earlier this 
year, the head of the Russian 
space agency, Dmitry Rogozin, 
said Russia would leave the ISS 
by 2025 if sanctions against the 
country weren’t lifted by the 
US. “Either we work together, 
in which case the sanctions are 


lifted immediately, or we will 
not work together and we will 
deploy our own station,” he said. 
A long-touted idea is that Russia 
would detach its segment of the 
ISS to begin its own separate 
space station in orbit. 


Jared Zambrano-Stout, 
a former chief of staff for 
the National Space Council 
in the US, says he thinks such 
a scenario is unlikely. “The 
logistics associated with 
separating the modules is a lot 
more challenging than is being 
publicly discussed,” he says. 
“Tfthey were planning to do that 
they should be building more 
modules now, because they’re 
going to need additional things 
up there to support a separate 
station.” Russia’s segment still 
relies on electrical power from 
the US segment, for example. 

NASA has made it clear that it 
hopes to continue operating the 
ISS until 2030, by which time 
much of the station is expected 
to be too old to continue. NASA 
is in the process of developing a 
replacement space station, the 
Lunar Gateway, that would be 
positioned near the moon and 
support missions to the lunar 
surface, a venture Russia has yet 
to express an interest in joining. 

“Low Earth orbit will be the 
only destination for their 
cosmonauts if they do not 
cooperate with NASA, for the 
foreseeable future at least,” 
says Zak. 


ROSCOSMOS 


Animal behaviour 


Dogs will ignore you 
if they know you are 
lying, unlike children 


Christa Lesté-Lasserre 


DOGS tend to ignore suggestions 
from people who are lying, hinting 
that - unlike young children - they 
might recognise when a person is 
being deceptive. 

Ludwig Huber at the University of 
Vienna in Austria and his colleagues 
trained 260 dogs to find hidden 
food in one of two covered bowls. 
The dogs learned to follow the 
suggestion of a “communicator”, 
who would touch the food-filled 
bowl, glance at the dog, and say, 
“Look, this is very good!” 

Once trust was established, the 
team had the dogs witness another 
person move the food from the 
first to the second bowl, while the 
communicator was either present 
in the room to witness the switch, 
or absent. The communicators 
would later recommend the first 
bowl - which was now empty. 

Roughly half of the dogs followed 
the communicator’s misleading 
advice and explored the empty 
bowl if the communicator hadn't 
witnessed the food switch. But 
about two-thirds of dogs ignored a 
communicator who had witnessed 
the food switch and then lied by 
recommending the now-empty 
bowl (Proceedings of the Royal 
Society B, doi.org/gpff). 

Children under age 5 are more 
trusting. In similar experiments run 
in the past, they were more likely to 
follow the “lying” communicator’s 
suggestion to approach the empty 
container - perhaps because they 
trusted the communicator over 
the evidence of their own eyes, 
says Huber. 

“We thought dogs would behave 
like children under age 5, but now 
we speculate that perhaps dogs can 
understand when someone is being 
deceitful,” he says. 

“This study reminds us that 
dogs are watching us closely, are 
picking up on our social signals,” 
says Monique Udell at Oregon 
State University. I 
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Artificial intelligence 


DeepMind Al reveals shape of 
98.5 per cent of human proteins 


Matthew Sparkes 


IT TOOK decades of painstaking 
research to map the structure 
of just 17 per cent of the proteins 
used within the human body, 
but less than a year for UK-based 
Al company DeepMind to raise 
that figure to 98.5 per cent. The 
company is making all this data 
freely available, which could 
lead to rapid advances in the 
development of new drugs. 
Determining the complex, 
crumpled shape of proteins based 
on the sequences of amino acids 
that make them has been a huge 
scientific hurdle. Some amino 
acids are attracted to others, 
some are repelled by water, 
and the chains form intricate 
shapes that are hard to calculate 
accurately. Understanding these 
structures enables new, highly 
targeted drugs to be designed that 
bind to specific parts of proteins. 
Scientists have long wanted 
to use the genetic sequence of 
a protein to determine its shape, 
which is crucial to understanding 


Acomplex protein shape, 
as predicted by DeepMind’s 
AlphaFold Al 


its properties. DeepMind 
published research last year 
proving that AI can solve the 
problem quickly. Its AlphaFold 
neural network was trained on 
sections of previously solved 
protein shapes and learned 
to deduce the structure of 
new sequences. 
Since then, the company has 
been applying the technology 
to thousands of proteins. These 
include the human proteome, 
as well as proteins relevant to 
covid-19 and others that will most 
benefit immediate research. It is 
now releasing the results online. 
DeepMind has mapped 


the structure of 98.5 per cent of 

the 20,000 or so proteins in the 

human body. For 35.7 per cent 

of these, the algorithm gave a 

confidence level of more than 

gO per cent for its predicted shape. 
The company has released 

more than 350,000 protein 

structure predictions in total, 

including for 20 additional model 

organisms that are important 

for biological research, from 

Escherichia colito yeast. The team 


“Using Al to solve protein 
folding is revolutionary 
in a sense that’s hard to 
get your head around” 


DEEPMIND 


hopes that within months it 

can add almost every sequenced 
protein known to science —- more 
than 100 million structures 
(Nature, doi.org/gk9kp7). 

John Moult at the University 
of Maryland says the rise of AI 
in the area of protein folding 
has been a “profound surprise”. 

“Tt’s revolutionary in a sense 
that’s hard to get your head 
around,” he says. “If you're 
working on some rare disease 
and you never had astructure, 
now you'll be able to go and look 
at structural information which 
was basically very, very hard or 
impossible to get before.” 

Demis Hassabis, founder of 
DeepMind, says that AlphaFold is 
solving protein shapes in minutes 
or even seconds. “We're just going 
to put this treasure trove of data 
out there. It’s a little bit mind- 
blowing in a way because going 
from the breakthrough of creating 
a system that can do that to 
actually producing all the data has 
only been a matter of months,” he 
says. “We hope it’s going to become 
a sort of standard tool that all 
biologists around the world use.” 8 


Astronomy 


Cosmic collisions 
could outshine 
supernovae 


STARS that collide after being sped 
up by orbiting close to supermassive 
black holes may be so bright they 
rival the most powerful supernovae, 
some of the brightest phenomena in 
the cosmos. Studying these cosmic 
crashes could help us learn about 
the universe’s most massive black 
holes and their environments. 

Near the most massive black 
holes, stars are expected to move 
close to the speed of light without 
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getting shredded by their enormous 
hosts’ gravity. But that doesn't 
mean they couldn't be destroyed 

in ahead-on collision. Betty Hu 
and Avi Loeb at Harvard University 
simulated what would happen if 
such a smash-up were to occur. 

“The vicinity of a black hole is 
an accelerator like the Large Hadron 
Collider, except it’s a large star 
collider,” says Loeb. 

They found that these collisions 
could release as much energy as 
supernovae - explosions that can 
reach up to the lifetime power 
output of the sun - and maybe 
more if the black holes are big 


enough. Not only that, but after the 
collision there might be a second, 
even more powerful flare of energy 
as the resulting debris falls into 

the black hole. 

However, because of the extreme 
circumstances required for a pair 
of stars to be aligned perfectly so 
that they could smash together at 
such high speeds, these flares are 
expected to be rare. Depending on 
the size of the host black hole, the 
collisions could occur anywhere 
from once every 50 years to once 
every five years in the small 
proportion of galaxies where 
circumstances are right - and only 


the brightest of those events, created 
by the fastest stars, would be visible 
to us (arxiv.org/abs/2105.14026). 
“If we were to look for these 
collisions around the universe, we 
might see these powerful explosions 
at the centres of other galaxies,” says 
Loeb. “It’s possible that we have 
seen some and attributed them to 
some other phenomenon, but they 
would be a small minority of the 
events that we have seen.” The Vera 
C. Rubin Observatory, a telescope 
being constructed in Chile, should 
be able to spot several of them after 
it turns on in 2022, he says. fi 
Leah Crane 
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Space tourism 


Who gets to be an astronaut? 


Commercial space travellers will have to work harder to get 
their US astronaut wings, reports Leah Crane 


SPACE tourism is ramping up 
with the recent flights to space 
of billionaires Richard Branson 
and Jeff Bezos aboard their 
respective firms’ craft, but not 
every person who makes the 
trip is officially considered 

an astronaut. The US Federal 
Aviation Administration (FAA) 
has tightened its rules for how it 
awards astronaut wings to those 
riding on private space flights, 
making it harder to become an 
official commercial astronaut. 


What are FAA astronaut wings? 
In the US, there are three 
agencies that designate people 
as astronauts: the US military, 
NASA and the FAA. The first 
two give wings solely to their 
own employees, so the only 
way to be officially recognised 
as an astronaut after a flight 
on acommercial spacecraft 

is to be awarded wings by the 
FAA. They don’t come with any 
particular privileges beyond 
bragging rights though. 


What are the rules to be certified 
as a commercial astronaut now? 
For the FAA to award wings, 

an astronaut must be employed 
by the company performing 
the launch, so tourists who have 
bought tickets are out. They 
must also go through training 
to be certified by the FAA as an 
astronaut and fly higher than 
80 kilometres. And they must 
have “demonstrated activities 
during flight that were essential 
to public safety, or contributed 
to human space flight safety”, 
according to the new order 
providing the guidelines. 


What counts as a contribution? 
Whether a crew member 

has made a contribution 

to space flight safety is up to 
the discretion of FAA officials. 
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Over the past decade, the agency 


has awarded astronaut wings 
only to the pilots of spacecraft — 
the one exception was Beth 
Moses, a Virgin Galactic 
executive who flew aboard 


“Astronauts must have 


demonstrated activities 
during flight that were 


essential to public safety” 


the company’s SpaceShipTwo 
craft in 2019. The main criteria 
seems to be that the astronauts 
must be designated as crew 
members performing some 
task aboard their flights, not 
simply passengers. 


So will the passengers on 

the recent Virgin Galactic 

and Blue Origin flights be 
considered astronauts? 

That’s a bit complicated. Virgin 
Galactic designated Branson 
and the other three passengers 


From left: Oliver Daemen, 
Wally Funk and Mark Bezos 
(Jeff's brother) in microgravity 


on his 11 July flight as crew 
members testing the spacecraft, 
but it’s not clear whether they 
“contributed to human space 
flight safety” in general. 

Things are more clear-cut 
in the case of the 20 July Blue 
Origin flight, as the spacecraft 
was entirely controlled from 
the ground, not by Bezos or any 
of the other three passengers — 
all they had to do was enjoy 
the ride. That means that they 
wouldn’t qualify for astronaut 


wings under the FAA's new rules. 


Are there any exceptions? 

The agency can give honorary 
wings to “individuals who 
demonstrated extraordinary 
contribution or beneficial 
service to the commercial 
human space flight industry”, 
but who didn’t satisfy the 
other eligibility requirements. 
So Wally Funk, a passenger 

on the Blue Origin flight who 
trained to be an astronaut 

in the 1960s but didn’t get 

to go to space back then, 

may still get her wings. I 


BLUE ORIGIN 


Conservation 


Sucking DNA out of 
the air reveals which 
animals live nearby 


Michael Le Page 


MONITORING wildlife in terrestrial 
ecosystems might be made easier 
and cheaper using a new technique 
that involves vacuuming bits 

of DNA out of the air, two teams 
have independently shown. 

“This could have a profound 
impact on a lot of different fields,” 
says Elizabeth Clare at York 
University in Toronto, Canada. 

Looking at which aquatic 
animals are present by searching 
for so-called environmental DNA, 
or eDNA, in water has already 
had a massive impact on fisheries 
and conservation, says Clare. It has 
also helped detect rare species. 

When Clare did arecent report 
on eDNA, she initially wrote that 
it could be detected in air as well 
as in water and soil, because she 
assumed that it could. But when 
she went looking for references 
to back this up, all she found was 
one Japanese high school project. 
So Clare and her team decided to 
try it out for themselves. 

Meanwhile, Kristine Bohmann 
at the University of Copenhagen 
in Denmark had come up with 
the same idea. After initial lab 
experiments, both teams field- 
tested the approach in zoos where 
the animals present are known. 

Bohmann’s team sucked up 
air through fine filters at various 
sites in Copenhagen Zoo and then 
analysed the samples using the 
eDNA techniques developed for 
water or soil samples. 

They detected DNA from 
animals in outside enclosures 
up to 300 metres away from the 
sampler (bioRxiv, doi.org/gk9ccf). 

In tests at Hamerton Zoo Park 
in the UK, Clare’s team got very 
similar results, also identifying local 
wildlife as well as zoo residents 
(bioRxiv, doi.org/gk9ccg). 

Several groups are already 
planning on trying out this approach 
for monitoring biodiversity in 
wilderness areas, says Clare. ff 
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News 


Field notes Shoreham, UK 


Keeping tabs on kelp Marine surveys off England’s south coast 
are hoping to find regrowth of this key climate defence following 
a trawler ban, reports Adam Vaughan 


IN THE 1980s, so much kelp 
washed onto beaches west of 
Brighton that the “unsightliness” 
of the seaweed and the flies it 
attracted made it a problem worthy 
of debate in the UK parliament. 
Farmers took the abundance 

of washed-up brown algae for 
fertiliser. Locals talked of the “kelp 
problem”. Today, the problem is 
too little kelp, says Mika Peck at 
the University of Sussex, UK. 

Kelp matters because it locks 
up millions of tonnes of carbon 
globally, and provides a nursery 
for fish and a buffer against coastal 
flooding. While climate change 
has played a role in kelp’s decline 
around the world, local stresses 
appear to be the bigger driver. 

For this stretch of England’s south 
coast, several theories have been 
floated, including the Great Storm 
of 1987 and damage by fishing 
trawlers. That led campaigners 

to fight for and win a five-year 
nearshore trawling ban that 
started in March. 

Peck now hopes to find out 
whether kelp can recover, and if 
trawling really was the culprit. 
“This is definitely a nature-based 
solution to address both climate 
and biodiversity issues,” says Peck, 
as he sways aboard a workboat 
leaving Shoreham harbour on 
15 July. “On our doorstep, we've got 
a way of regenerating a biodiverse 
environment as interesting as a 
tropical rainforest far away.” 

To create a baseline survey of 
kelp hidden many metres below 
the waves here, from Shoreham in 
the east to Selsey in the west, Peck 
has turned to low-cost techniques 
he pioneered for a very different 
environment: coral reefin Papua 
New Guinea. Luckily, the weather 
is mostly gloriously still and 
sunny. Bad weather earlier in July 
postponed some survey days. 

Offshore from the pavilion ofa 
holiday camp in Bognor Regis, the 
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PAUL GLENDELL/ALAMY 


Adam Vaughan helps 
researchers deploy a 
system for monitoring 
kelp (below) in England 


boat slows as Peck’s team reaches 
the GPS coordinates for one of 28 
survey sites. In quick succession, 
the researchers drop three baited 
remote underwater videos 
(BRUVs) —GoPros and hydrophones 
plus fish bait attached to a system 
of metal bars resembling an 
athletic hurdle — which cost about 
£2000 each. The team is trialling a 
lighter “baby BRUV” costing closer 
to £200, but it is unclear whether 


its camera is up to the task. 

All the footage captured will be 
analysed to give a picture of the 
kelp’s extent, health and diversity. 
They expect to see sugar kelp 
(Saccharina latissimi) and oarweed 
(Laminaria digitata and Laminaria 
hyperborea), which are less forest- 
like than some more structural 
species found further west. 

The traditional video surveying 
will be paired with the more 
unconventional audio recordings. 
Peck has previously found a link 
between healthy tropical reefs 
and certain soundscapes. Whether 
that holds true for southern 
England’s temperate waters 
remains to be seen —at the least, 
it should give an indication of 
the habitat on the seabed, be 
it rocky or sandy. 

The third leg of the survey takes 
place in the lull as we wait an hour 
to haul the BRUVs back aboard. Kat 
Bruce at biodiversity monitoring 
firm NatureMetrics watches as 
researchers use her kit to capture 
fragments of environmental DNA 
(eDNA) that marine life shed, 
filling a flask with seawater and 
patiently pumping it througha 
small plastic disc. “The water is a 


soup of genetic material,” she says. 


The DNA will be sent to alab for 
sequencing and matching against 
known species. You wouldn’t 
know how diverse the marine life 
is here from looking at the opaque 
blue-green water. But five initial 
samples have already detected 
44 species of bony fish, from cod, 
plaice and goby to the odd-looking 
lumpfish. The eDNA surveys 
should yield a baseline to see if 
biodiversity grows as kelp return. 

This survey is just one of many 
by Peck and the team this month. 
And the plan is to repeat it every 
July until the trawling ban expires. 
“The dream is basically to come 
back to a healthy ecosystem,” 
says Peck. The data should show 
if trawling is to blame, which 
could make a stronger case for 
more bans to give kelp a chance. 

Further research is planned to 
see how much carbon the kelp in 
this area locks away. Peck’s team 


28 


Number of kelp survey sites 
along England's south coast 


is also looking at whether it can 
go beyond natural restoration, 
potentially by growing kelp spores 
in labs and seeking licences to sow 
them, as is done with seagrass. 

The fate of kelp in this small 
patch of the south of England 
might seem irrelevant on the 
global scale of climate change. 
However, world leaders are 
waking up to the fact they will 
need a vast mosaic of natural 
ways to lock up carbon and avert 
catastrophic temperature rises. 
Nearly 200 countries at a major 
UN biodiversity summit later 
this year are expected to agree 
that nature-based approaches 
must sequester billions of tonnes 
of CO2a year. Once viewed as a 
problem, kelp is increasingly 
looking like a solution. 8 
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News 


Environment 


Clove and thyme oils 
stop invasive beetles 
eating palm trees 


Gary Hartley 


THE red palm weevil, a beetle known 
for its devastating effect on palm 
trees, can be stopped in its tracks by 
clove and thyme oils - offering hope 
of new control options for crop 
growers affected by the insect. 

Researchers at the University 
of Malaysia, Terengganu, tested 
the effect of eight chemicals derived 
from the two essential oils on 
feeding by red palm weevil larvae 
(Rhynchophorus ferrugineus). It is 
one of the world's most invasive 
species and severely affects the date, 
coconut and palm oil industries. 

In a study of 225 larvae over 
two weeks, daily consumption of 
blocks of sago palm soaked with 
clove or thyme oil derivatives was 
at least 35 per cent lower than that 
consumption of untreated blocks 
(Insects, doi.org/gpg6). Of the 
chemical compounds found in these 
oils, ethers reduced weevil feeding 
more than esters, and two stood 
out as particularly effective. 

“Botanical biopesticides are 
seen as increasingly important 
crop-protection tools. This stems, 
in part, from the reduced availability 
of synthetic pesticides,” says Tom 
Pope at Harper Adams University 
in Edgmond, UK, who wasn't 
involved in the work. These reduce 
the risk of resistance developing 
that comes with conventional 
pesticides, and they linger in the 
environment for less time, he says. 

The problem is how to deliver 
such deterrents outside the lab, 
says Michel Ferry at the French 
National Institute for Agriculture, 
Food and Environment, who wasn’t 
involved in the research. This study 
focused on already infested palms, 
he says, meaning some beetles 
couldn't be reached by spraying 
the plants with the biopesticide. 
Instead, it would have to be injected 
into the plant tissue, he says. “The 
injection issue is very complex and 
requires studies on the possibilities 
of injectable formulations.” I 
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Astronomy 


Birth of an alien moon 
glimpsed for first time 


Leah Crane 


WE MAY be watching the birth 
ofa moon for the first time. 
Astronomers have spotted a 
disc of debris around a distant 
planet called PDS 70 c, and it is 
massive enough that the young 
exoplanet might be in the 
process of forming exomoons. 

When a new stellar system is 
forming, the planets coalesce 
out ofa cloud of debris called 
acircumstellar disc. Then, the 
planets can suck gas and dust 
from that cloud to form their 
own circumplanetary discs, 
which feed the planets’ growth 
and provide the material for 
moons to form. 

The star PDS 70, which is 
about 370 light years from 
Earth, has provided researchers 
with a unique laboratory to 
study this process. Its two 
giant planets, PDS 70 b andc, 
are the only two that have 
been observed while still 
embedded in their circumstellar 
disc. Now Myriam Benisty at the 
Université Grenoble Alpes in 
France and her colleagues have 
confirmed that PDS 70 c— and 
maybe PDS 70 bas well-—also 
has acircumplanetary disc. 


The work will appear in The 
Astrophysical Journal Letters. 
“We know lots of planets, 
but those are done planets, and 
we have to use models to try to 
understand how planets form 
by looking at the final product,” 
says Alessandro Morbidelli 
at Cote d'Azur Observatory in 
France, who wasn’t involved in 
this work. “With these two, we 
are directly seeing how giant 
planets and their moons form, 
so these planets are exceptional.” 


“We are directly seeing 


how giant planets and 
their moons form, so these 
planets are exceptional” 


The researchers spotted this 
disc using the Atacama Large 
Millimeter/submillimeter Array 
(ALMA) in Chile. There had been 
hints ofa circumplanetary disc 
in this system before, but never 
anything conclusive. 

They found that, depending 
on the size of the dust grains 
in the disc around PDS 70 c, it 
probably contains a total dust 
mass that is about 0.7 to 3.1per 
cent the mass of Earth. “We 


The star PDS 70 
(centre) and planet 
PDS 70 c (right of star) 


cannot identify any moons that 
are being formed, but there is 
enough material to form them, 
and it is very likely that satellites 
are forming there,” says Benisty. 
The planet is a few times more 
massive than Jupiter, so it may 
eventually form many moons 
just like Jupiter has, she says. 

“Looking outward from the 
planet, it would be similar to 
how the Milky Way looks ona 
really dark night, this shining 
stripe across the night sky, 
but it would be much, much 
broader,” says team member 
Richard Teague at the Harvard- 
Smithsonian Center for 
Astrophysics in Massachusetts. 
PDS 70 b probably also has a 
disc, but it isn’t as bright, which 
could mean that it is made of 
smaller dust grains or just gas, 
says Benisty. 

The researchers also found 
streams of dust flowing from the 
outer circumstellar disc towards 
the star, into the area where, 
ifthis stellar system is like our 
own, smaller rocky planets 
could form. “The streamers 
are bringing material from the 
outer disc to the inner disc, and 
that is not only important for 
the formation of Earth-like 
planets, but also the star is still 
a baby star so it’s still accreting 
matter to grow,’ says Benisty. 

This system provides us 
with a window to study the 
formation of planets and 
moons generally, but with its 
two giant planets mirroring 
Jupiter and Saturn, it is also 
reminiscent of our own solar 
system, albeit larger. It could 
help us understand how the 
planets and moons in our solar 
system formed and evolved. I 
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In brief 


Unravelling the 
causes of migraine 


VIRTUAL roller coasters set off 
altered brain cell activity related 
to dizziness and motion sickness 
in people who experience 
migraines, even ifthey aren’t 
currently having a migraine. 
The finding could lead to a better 
understanding of migraines. 
Gabriela Carvalho at the 
University of Lubeck in Germany 
and her colleagues carried out 
functional magnetic resonance 
imaging (fMRI) on the brains of 
40 people — half of whom regularly 
experience migraines — as they 
watched realistic, animated videos 
of roller coaster rides ona screen 
inside the scanner for 35 minutes. 
None of the participants 
experienced migraines during 
the virtual rides, but 65 per cent 
of those in the “migraine” group 
reported ona questionnaire 
that they felt dizzy during the 
simulation, while just 30 per cent 
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of those in the control group did. 
Those in the “migraine” group 
also rated their level of motion 
sickness to be twice as high as 
those in the control group. 

The fMRI images supported 
these reports, says Carvalho. 
In those who experience regular 
migraines, the researchers saw 
heightened activity in areas of 
the brain responsible for vision, 
pain perception, sensory-motor 


processing, balance and dizziness. 


They also detected more neural 
communication between these 
brain areas and other brain 
regions (Neurology, doi.org/gpfs). 
“Our findings show that the 
brain areas related to... processing 
of migraine pain overlap with 
brain systems that regulate 
motion sickness and dizziness,” 
says Carvalho. “People with 
migraines... often experience 
other conditions like motion 
sickness and dizziness. So this 
study really gives us a better idea 
about what’s going on [in their 
brains].” Christa Lesté-Lasserre 


N.H. NIELSEN 


Male and female mammals 
kill for different reasons 


ADULT mammals have the capacity 
to kill other members of their own 
species, but males and females 
seem to kill for different reasons. 

Biologists have already studied 
mammalian infanticide, the killing 
of infants by adults of the same 
species, but the same isn’t true for 
killing adults. This means we don't 
know as much about why adult 
mammals sometimes kill other 
adults within their species. 

In order to figure out whether 
there are any patterns in killing 
behaviour, José Maria Gomez Reyes 
at the National Research Council 
Arid Zones Experimental Station 
in Spain and his colleagues 
analysed the causes of death 
among 1384 mammal species. 

Of these, the team found evidence 
of adult killing in 352 species. It 
was particularly common among 


Mummified man’s 
last meal discovered 


AN ANCIENT man ate a simple 
meal of cooked cereals and fish 
before being hanged and dumped 
in a bog 2400 years ago. 

Tollund Man was roughly 40 
years old when he died in what is 
now Denmark. He was probably 
offered as a human sacrifice, 
and the peat bog he was buried 
in mummified his body. Dozens 
of other Iron Age Europeans 
were sacrificed in the same way. 


ungulates, primates and carnivores, 
but almost unheard of among bats, 
whales and rabbits. 

The team found that males 
were more likely to kill than 
females. Males were also more 
likely to target other males rather 
than females. What's more, males 
and females generally had different 
motivations (Proceedings of the 
Royal Society B: Biological Sciences, 
doi.org/gpfd). 

While males are more likely to kill 
other adult males to rid themselves 
of competition, females kill more 
often to defend their young from 
attacking adults. However, females 
may also kill the young of other 
females when resources are scarce. 

“It was interesting the 
relationship that we found between 
infanticide and female adulticide,” 
says GOmez Reyes. Krista Charles 


Danish scientists first analysed 
Tollund Man’s intestinal contents 
shortly after his body was found in 
1950. They found 20 plant species 
and one species of parasite. 

Now, Nina Helt Nielsen at 
Museum Silkeborg in Denmark 
and her colleagues have run new 
analyses on the contents of his 
large intestine, investigating 
plant fossils, pollen and a full 
range of non-pollen microfossils, 
steroids and proteins. 

This revealed intestinal worm 
proteins and eggs from whipworm 
(Trichuris), tapeworm (Taenia) and 
mawworm (Ascaris), as well as the 
man’s partially digested dinner. 
This included porridge made up 
of around 85 per cent barley, 

5 per cent flax and 9 per cent seeds 
from a plant called pale persicaria. 
Some ingredients are pictured 
(Antiquity, doi.org/gpdq). 

Tollund Man probably picked 
up the parasites from eating 
poorly cooked meat and drinking 
unclean water well before his 
death, says Nielsen. CLL 
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Really brief 


Birds learn bin trick 
through copying 


A few years ago, some 
cockatoos learned how to 
open residential waste bins 
in Sydney, Australia. Now, 
almost 1400 bin-looting 
incidents have been 
reported across the 
Sydney-Wollongong area. 
It seems other cockatoos 
have learned the skill 
through copying (Science, 
doi.org/gpfb). 


Pterosaurs flew 
soon after hatching 


The flying pterosaurs that 
lived alongside dinosaurs 
may have been capable 

of flight within minutes 

of hatching, according to 
an analysis of fossil bones. 
The young pterosaurs may 
have flown in dense forests 
that were inaccessible to 
adults with much larger 
wingspans (Scientific 
Reports, doi.org/gpfc). 


Roman road in 
Venice lagoon 


An ancient road has been 
discovered at the bottom 
of the Venice lagoon in an 
area that would have been 
dry land 2000 years ago. 
The 1140-metre-long 
structure was discovered 
using scanning technology, 
as the lagoon is too 

murky for archaeological 
divers (Scientific Reports, 
doi.org/gpfg). 
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Botany 


Tomatoes’ inbuilt 
attack warning 


TOMATOES that are being eaten 

by insects use electrical signals 

to send an alert to the rest of 

the plant, similar to the way our 

nervous systems warn of damage. 
The messages seem to help 

the plant muster defences such 

as releasing hydrogen peroxide, 

a chemical that combats microbial 

infections of damaged tissues. 
Plants lack the neurons humans 

have for sending electrical signals, 

but they do have long, thin tubes 


Anatomy 
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called xylem and phloem for 
moving sap between their roots, 
leaves and fruit. Charged ions 
flowing in and out of these tubes 
can propagate electrical signals 
around different parts ofthe 
plant ina similar way to neurons. 
Previous work found that leaves 
that are damaged send electrical 
signals to other leaves. Now, 
Gabriela Niemeyer Reissig at the 
Federal University of Pelotas in 
Brazil and her colleagues have 
found this also happens with fruit. 
They studied small cherry 
tomato plants by placing them 
inside Faraday cages, which 


Sharks’ spiral intestines 
resemble a Tesla invention 


SHARKS have spiral-shaped 
intestines that work in a similar 
way to an unusual valve designed 
by Nikola Tesla. Studying their 
anatomy could help improve 
industrial fluid-pump technology. 
Most animals have tubular 
intestines that use muscles to 
push food along. But sharks instead 
channel their meals through spiral 
intestines (pictured). These are 
also shaped in a way that only 
allows food to flow one way - likea 
performance-enhanced Tesla valve, 
says Samantha Leigh at California 
State University Dominguez Hills. 
Sharks have one of four different 
kinds of spiral intestine: columnar, 


scroll, and two types with either 
upward-facing or downward-facing 
funnels. When Leigh and her 
colleagues passed liquid through 
each type, they found that it took 
about 35 minutes to run through 
the spirals in the normal direction 
of flow. However, when they turned 
the spiral intestines upside down - 
opposite the normal flow - liquids 
took up to twice as long to pass 
through the two funnel types as 
they did previously (Proceedings of 
the Royal Society B, doi.org/gpfn). 
Shark-inspired technology could 
be useful for industries requiring 
flow moving in one direction with 
little energy use, says Leigh. CLL 


block external electric fields, and 
confined caterpillars of the moth 
Helicoverpa armigera on the 
surface of fruit within plastic bags. 
Electrodes placed in the fruit 
stalks showed that the patterns of 
electrical activity changed during 
and after the caterpillars started 
eating (Frontiers in Sustainable 
Food Systems, doi.org/gpfr). “We 
can find a [distinct] pattern in the 
electrical activity when an insect 
attacks,” says Niemeyer Reissig. 
There was also a rise in levels 
of hydrogen peroxide produced by 
untouched fruit and leaves all over 
an attacked plant. Clare Wilson 


Computing 


Flexible processor 
most powerful yet 


COULD a flexible processor on 
your melon track its freshness? 
That’s the idea behind the latest 
processor from UK computer chip 
designer Arm, which says sucha 
device could be made for pennies 
by printing circuits directly onto 
paper, cardboard or cloth. 

Almost all chips made today 
are rigid devices created on silicon 
wafers. Now, Arm has developed a 
32-bit processor called PlasticARM 
with circuits and components that 
are printed onto a plastic substrate, 
just as a printer puts ink on paper. 

James Myers at Arm says the 
processor can run a variety of 
programs, although it currently 
uses read-only memory so is only 
able to execute the code it was 
built with. Future versions will use 
fully programmable and flexible 
memory. “It won’t be fast, it won’t 
be energy efficient, but ifI’m going 
to put it on a lettuce to track shelf 
life, that’s the idea,” he says. 

Flexible chips have been created 
before, but Arm’s device is the 
most powerful yet. It has 56,340 
components packed into less than 
60 square millimetres (Nature, 
doi.org/gkgngj). This gives it 
around 12 times more components 
to carry out calculations than the 
previous best flexible chip. 
Matthew Sparkes 
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Spineless legislation 


A new animal welfare law is a step in the right direction, but it should 
include invertebrates too, say Alexandra Schnell and Nicola Clayton 


RANKLIN the cuttlefish 
F considered the juicy prawn 
meat morsel in front of her. 
As mouth-watering as it looked, 
she resisted temptation and 
waited for her favourite meal to 
become available —live shrimp. 
Her self-control is impressive 
and comparable to what we see 
in chimpanzees and crows. 
Self-control is a vital cognitive 
skill that underpins decision- 
making and future planning. 
In humans, these abilities are 
linked to sentience because they 
are thought to involve conscious 
experience. Imagining future 
choices is accompanied by an 
awareness of the projection of 
self in time — what will my future 
self want, and how different will 
it be from what I want now? Some 
animals possess similar cognitive 
abilities, but cannot report their 
experiences, and so whether they 
are sentient is an ongoing debate. 
This topic has recently taken the 
spotlight in the UK witha new bill 
currently making its way through 
parliament that will recognise 
certain animals as sentient, 
including mammals, birds, fish, 
reptiles and amphibians. This will 
give them greater protections in 
law, particularly in the context 
of reducing pain and suffering. 
This is a good step forward. 
However, as it stands, invertebrates 
like Franklin aren’t being included. 
Invertebrates show plenty of 


Z behavioural signs of sentience. 
@ But because their neurological 

a architecture greatly differs from 
= that of vertebrates, it is often 


wrongly assumed that they don’t 
possess the appropriate hardware 
to experience emotions. 

Despite the differences, there 
are many brain structures across 
both groups that perform similar 
functions. Invertebrates such as 
cephalopods (octopus, cuttlefish, 
squid) and decapods (crayfish, 
crabs, lobsters, prawns) possess 
brain receptors and structures that 
can process negative emotions, 
such as the vertical lobe in 
cephalopods — responsible for 
learning and memory. They also 
possess nerve cords that transfer 
information about the location 
of an injury from the peripheral 
nerves to the central brain. 


Consequently, groups including 
Crustacean Compassion, the 
RSPCA and the Conservative 
Animal Welfare Group (CAWG) 
are urging for the inclusion of 
cephalopods and decapods in the 
UK’s Animal Sentience Bill. They 
also argue that the intelligence 
observed in cephalopods, 
particularly octopuses, should 
grant them protection. 

It is important to remember 
animal protections aren’t just 
about intelligence, as sentience 
doesn’t necessarily require it -an 
animal doesn’t need to be able to 
plan for the future to be capable of 
suffering. For example, there is no 
evidence that crabs plan for the 
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future, but, when injured, they 
attend to their wounds in a self- 
protective manner, such as hiding 
declawed arms behind healthy 
claws to protect their wound. 
They also appear to shudder 
when wounds are touched. 

Cephalopods also behave in 
a way that is indicative of being 
able to experience emotions. For 
example, cuttlefish learn to avoid 
the claws of their crab prey after 
being pinched and instead attack 
them from behind. Octopuses 
with injured arms curl their 
adjacent arms around the wound 
and after being injured they avoid 
chambers where an injury was 
inflicted, preferring to seek refuge 
in chambers that provide access to 
a local anaesthetic for pain relief. 

Countries such as Norway, 
Sweden and Austria have already 
afforded invertebrates legislative 
protection, and this has resulted 
in much improved animal welfare 
standards, such as in the storage 
and slaughter of decapods within 
the food industry. 

Others now need to catch up. 
While there are neurological 
differences, invertebrates are likely 
to experience pain and show signs 
of sentience. Animal protection 
laws should reflect that. 8 


Alexandra Schnell and Nicola Clayton 
are comparative cognition researchers 
at the University of Cambridge 
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Views Columnist 


Graham Lawton is a staff 
writer at New Scientist and 
author of This Book Could Save 
Your Life. You can follow him 
@grahamlawton 


Graham's week 


What I’m reading 
Animal, Vegetable, 
Criminal: When nature 
breaks the law by the 
ever-brilliant Mary Roach 


What I’m watching 
Only Connect is back on 
again; is it really a year 
since I last wrote that? 


What I’m working on 
A feature for our 
Christmas issue! 


This column appears 
monthly. Up next week: 
Annalee Newitz 
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No planet B 


There’s another way The culture wars in the UK are heating up, 
but as most people haven't yet picked a side, there is still room to 
find common understanding, writes Graham Lawton 


COUPLE of weeks ago, I had 
A: experience that was new 

to me, and which proved 
both infuriating and enlightening: 
Iwas harangued on Twitter for not 
being green enough. Last month, 
I wrote about driving my sick cat 
to and from the vet, and how the 
gridlocked traffic looked like a 
depressing taste of our post- 
pandemic future. “Shocked by 
yr column blaming traffic,” my 
chastiser tweeted at me. “You ARE 
the traffic; have you tried cycling?” 

Deeply unfair. But it gave mea 
glimpse of what many people 
must feel when their behaviour 
falls short of the standards set by 
self-appointed eco police. I was 
merely doing what I thought was 
the right thing. But it involved a 
car, and 1 was judged for it. (For the 
record, lam not about to cycle up 
a main road with an elderly, sick 
and semi-incontinent cat.) 

A few days earlier, I had watched 
the launch of some surprising 
new research on the UK’s nascent 
culture wars. For readers who 
don’t live in the UK or haven't 
noticed (of which more later), the 
national conversation is currently 
dominated by arguments over 
statues, taking the knee, free 
speech and more. 

Judging from the media 
narrative, the country has already 
fractured into two warring and 
mutually irreconcilable factions, 
characterised as progressives vs 
traditionalists, remain vs leave, 
young vs old, woke vs anti-woke 
and, of course, green vs anti-green. 
This polarisation is the very 
definition of a culture war, as set 
out in the 1991 book Culture Wars 
by sociologist James Davison 
Hunter: “a sense of conflict 
between two irreconcilable views 
of what is fundamentally right or 
wrong about the world we live in.” 

Another defining feature ofa 
culture war is that it expands to 


swallow up ever more issues, 
converting political opinions into 
non-negotiable identities. The 
starting point is usually whether 
granting rights to marginalised 
groups has, or hasn't, gone too 
far. But the rest — including 
environmentalism — snowballs. 
Or snowflakes. The long-running 
culture war in the US, for example, 
features entrenched partisan 
positions on climate action. 

At that point, the two sides 
harden into mutual hatred 
and rational debate becomes 
impossible. There are signs that 
the UK is going this way. In 2015, 
national newspapers published 


“The worst thing 
we can do is wag 
fingers. It will push 
people who could be 
our allies into the 
opposite camp” 


just 21 articles about the Uk’s 
culture wars; last year it was 534. 

But if you venture beyond the 
Fleet Street bubble —as a team at 
King’s College London and the 
pollster Ipsos MORI recently did - 
the situation is quite different. 
There are, in fact, four tribes. Two 
are the classic culture war factions, 
each constituting a quarter of the 
UK population. The other two, the 
disengaged and the moderates, 
haven't taken sides yet. This latter 
group makes up about a third of 
the population. A similar-sized 
group say they have never heard 
the term “woke”, and those who 
have are split on whether it is an 
insult ora compliment. 

This, I think, is encouraging. 
I fell into the trap of seeing culture 
wars everywhere. That filled me 
with dread about the prospects 
for progressive change in our 
relationship with nature. It turns 
out Iam wrong about this, and 


that it isn’t too late to stop the slide. 
Commenting on the research, 
Sunder Katwala at the think tank 
British Future says: “there are 
reasons for reassurance... we are 
not ina civil war.” 

What we are inis a state of 
mutual incomprehension. As 
Katwala explains it, people on the 
liberal left think the culture battles 
area cynical strategy cooked up by 
the right to block environmental 
and social justice. But people on 
the right feel exactly the same way, 
concerned that the left started it by 
attacking traditional institutions 
and common sense, and it is their 
wearisome duty to defend them. 

I’'mnot sure! entirely buy this; 
some of the recent rows in the 
UK- over patriotic songs and the 
removal of portraits of the queen 
from student common rooms — 
appear to have been confected or 
at least exaggerated by the 
government to rile up its base and 
distract from wider failings. But if 
Katwala’s analysis saves us from 
sliding into the abyss, I will accept 
that we need to stop blaming each 
other and seek common ground. 

Which brings me back to my 
Twitter spat. The research also tells 
us that the worst thing we can do 
is preach and wag fingers. It will 
backfire, and push people who 
could be our allies into the 
opposite camp. CNN recently 
reported that the biggest obstacle 
to the US Democratic party 
holding on to its majorities 
in Congress — and hence to the 
green new deal -—is woke activists 
pushing too hard and alienating 
mainstream Americans. 

Right now, the best thing we can 
do is wake up to the fact that the 
culture war is being fought by two 
noisy fringes, and that the middle 
ground is still up for grabs. Nobody 
has to abandon their principles, 
but being woker or anti-woker- 
than-thou is asking for trouble. ff 


Are you looking to get 
back into science after 
a career break? 
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postdoctoral fellowship, is for you. 
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Editor’s pick 


Is this why machines will 
never have consciousness? 


10 July, p 34 
From Mike Newman, 
Shrewsbury, Shropshire, UK 
Your special on consciousness was 
fascinating and thought-provoking. 
The section on whether machines 
could ever be “conscious” and 
“self-aware” seemed to ignore the 
role played by the fierce will to live 
and reproduce exhibited by living 
creatures. Where does this come 
from and where does it reside? 

One might argue that this 
compulsion is the ultimate driver 
of evolution and, by extension, the 
development of consciousness. 

Given our destructive impact on 
the planet, an all-consuming desire 
to live may not be totally logical. In 
what sense could machines have a 
parallel survival instinct? Might they 
decide that they were an unhealthy 
drain on resources and altruistically 
choose to self-destruct? 


From Derek Hough, 

Stroud, Gloucestershire, UK 
When discussing consciousness, 
Iam surprised that concussion 
isn’t usually mentioned. 

Some years ago, Iwasina 
concussed state for around an 
hour. Ihave no memory of this 
hour, but I was apparently talking 
and arguing with those around 
me.I have no doubt that I could 
have been eating, sleeping, mating 
and defending my possessions 
in that state. Was I experiencing 
what it is like to be an animal? 

A blow to any part of the head 
can induce this and this fact should 
bea prime clue in our search to 
understand the neurological basis 
of consciousness. This physical 
shock to the brain must somehow 
be disturbing delicate connections. 


From David Silkstone, 

Leeds, West Yorkshire, UK 

Emma Young writes that Christof 
Koch, in questioning the role of 
the prefrontal cortex (PFC) in 
consciousness, points to people 
who have had large regions of 
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their PFC surgically removed. Koch 
is quoted as saying: “They go on 
living, by and large, a normal life, 
never complaining that they have 
been turned into zombies.” 

May I suggest that Koch needs 
to watch a few zombie movies, as 
one of the few positive traits of the 
undead is that they don’t complain 
about being turned into zombies. 


From Geoff Saunders, 

Dorking, Surrey, UK 

Surely the answer to the “hard 
problem” of consciousness must 
depend on the answer to the even 
harder problem: “What is life?” 
Life seems to be more than 

just chemistry, but what is that 
“more”? Does it make any sense 
to talk about consciousness that 
doesn’t depend on life? 


Net zero is the wrong way 
to solve climate change 


Leader, 10 July 

From Brian Pollard, 

Launceston, Cornwall, UK 

The only good climate change 
plan is zero fossil fuel use. Net zero 
will see continued use of fossil 
fuels, compensating for this either 
by planting trees or removing the 
carbon produced in other ways. 

Greenpeace has shown that 
offsetting doesn’t deliver, and 
absorbing carbon from the 
atmosphere would be difficult and 
expensive, perhaps requiring the 
movement of hundreds of millions 
of tonnes of material a year in the 
UK alone. Present schemes for this 
would need to remove hundreds 
of times more carbon to be useful, 
and that is after many years of 
development already. 

There is also a philosophical 
problem with carbon absorption: 
the amount of carbon we need to 
capture from the air will increase 
indefinitely, as fossil fuels 
continue to be burned. But the 


places where it can be stored are 
finite and will, eventually, fill up. 
Carbon absorption and storage 
can therefore only bea short-term 
solution. It would make sense to 
use this after we have completely 
stopped burning fossil fuels, and 
have enough excess renewable 
energy to start sucking carbon 
out of the atmosphere and storing 
it, as a one-off operation. 
From Ian Napier, 
Adelaide, South Australia 
You mentioned the apocalyptic 
bushfires in Australia in 2019, 
and questioned the lack of climate 
action there. However, the climate 
damage had already been done, 
but not by Australia, which is 
responsible for less than 2 per cent 
of the world’s carbon emissions. 
Those chiefly responsible are 
Europe, the US, China and India. 


Life’s luxuries may 
have to be sacrificed 


Letters, 10 July 
From Emily Wolfe, Bristol, UK 
Mulling over Bryn Glover’s 
thoughts on a “phased reduction” 
approach to achieving climate 
targets, I was struck by just how 
much reversal of “improving 
lifestyles” might be needed. 
Things that were normal in my 
neighbourhood when I was young 
include heating just one room, 
water heater on once a week, 
washing not showering, halfa bin 
of waste weekly from a family of 
four, two or three outfits per 
person, small home-cooked food 
portions, no car ownership, no 
flying and holidaying one week 
a year (maximum) ina caravan. 
Persuading people back to such 
behaviours will be hard, but a ray of 
hope, perhaps indicating an area 
that could be focused on, is that, 
in the 1990s when I went vegan it 
was real graft, but now it is easy. 


Want to get in touch? 

Send letters to letters@newscientist.com; 

see terms at newscientist.com/letters 

Letters sent to New Scientist, Northcliffe House, 
2 Derry Street, London W8 5TT will be delayed 


The hard problem: how 
to make safer pavements 


10 July, p 46 

From Willem Windig, 

Rochester, New York, US 

You brought up valid points about 
problems caused by the materials 
used in sidewalks. However, the 
argument that “our ancestors 
evolved to walk on the savannah” 
has limits. Those ancestors didn’t 
wear shoes, which can cause their 
own problems. Also, the harms 

of walking on even hard surfaces 
may well be because of repetitive 
movement. Uneven hard surfaces 
avoid repetitive movement and 
cause fewer problems. 


Evolution in reverse 

is nothing surprising 

19 June, p 21 

From Ben Haller, 

Ithaca, New York, US 

You report research suggesting 
that after land-dwelling tetrapods 
evolved from fish, some tetrapod 
species “surprisingly” evolved 

to live in the water again. 

But is this surprising? We know 
that cetaceans made the same 
transition, even after becoming far 
more adapted to life on land than 
early tetrapods. More broadly, we 
know many flightless bird species 
hada flying ancestor, many 
aquatic insects descended from 
insects that evolved on land and 
many parasites have lost limbs or 
eyes, say, that are no longer needed. 

The idea that evolution is 
unidirectional is a fallacy, as 
Stephen Jay Gould wrote. The 
reality is that where there is a 
niche, evolution often finds ways 
to fill it, regardless of the direction 
of previous evolution. ! 


For the record 


i The final line of the box on missing 
lithium in our feature on gold 

(24 July, p 46) also went missing. 
The sentence in full should have 
read: Gas from that star falls 

onto the white dwarf, causing 

an explosion that may produce 
large amounts of lithium. 
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Kenya: Cradle 


of humanity 


Explore the origins of humanity on this unique 
and adventurous palaeontology and wildlife 
tour in the heartland of Kenya. It includes an 
exclusive day at the Turkana Basin Institute, 
whose work continues to discover 
unprecedented fossil and archaeological 
evidence, hosted by eminent palaeontologist 
Louise Leakey. 

Visit several important archaeological sites 
including Kariandusi, Olorgesailie and Hyrax Hill 
plus a private tour of the Nairobi National 
Museum with Dr Fredrick Manthi. 

No journey through Kenya would be complete 
without enjoying its scenic landscapes, national 
parks and conservation projects, so we have 
included the Great Rift Valley, volcanos in 
Turkana Lake and game drives to search for 
Kenya's famous wildlife including zebras, 
giraffes, antelope, buffalo, hippos and 
flamingos. Travelling by private overland truck, 
boat and even mountain bike with African 
cycling legend David Kinjah. This is an adventure 
nota conventional safari!. 


Highlights 


- Visit the Turkana Basin Institute, situated on 
the west side of Lake Turkana. It was around 
here on the western side of Lake Turkana that 
both the famous Kenyanthropus platyops and 
Turkana Boy where found. It is believed that 
every human alive today shares a common 
ancestral history (and DNA) with the 
population that lived within the Turkana Basin 
60-70,000 years ago. 


- An exclusive day with eminent palaeontologist 
Louise Leakey at the Turkana Basin Institute. 


- Nature hikes, game drives, a boat 
exploration of Lake Naivasha and the 
active volcanoes in Lake Turkana. 


- Visit the Nairobi National Museum for an 


exclusive tour including the hominid exhibition. 


- You will spend time in the lake side town 
of Naivasha, where you will stay in the Simba 
Lodges overlooking the lake. Here you can 
see zebra, antelope, hippos and over 
100 species of birds including flamingos, 
pelicans and fish eagles. 


- Visit the Hells Gate National Park, where 
you will have the chance to see zebra, giraffes, 
buffalos and antelopes in its savannah 
ecosystem. 


- Two day stay at the Lake Turkana, a UNESCO 
World Heritage Site and explore the lake by 
boat and visit Central Island, a volcanic island 
with several craters, two of which contain mile 
wide lakes, one inhabited by Nile crocodiles 
and the other flamingos. 


- Stay at a mix of hotels, eco-lodges and 
well-appointed camps. 


- Options to tailor your stay by relaxing on 
Lamu Island and a safari in the Masai Mara.. 


Covid-19 safety 
protocol includes: 


- Pre-departure screening of all guests 
and tour leaders. 


- Increased sanitisation of all accommodation 
and transport. 


- Mandatory use of PPE where appropriate. 


For more information visit nhewscientist.com/tours 


In partnership with Intrepid Travel, 
Child.org and the Turkana Basin Institute 
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Life in extremis 
ike) 


Wellcome Photography Prize 2021 


THESE poignant and intensely 
personal images are among 
the winners and finalists in the 
Wellcome Photography Prize 
2021, run by health research 
foundation Wellcome. 

The competition focuses on 
three of the most urgent global 
health challenges: mental health, 
global warming and infectious 
disease. There are two top prizes, 
one for a single image and one 
for an image series. 

At top left is The Time of 
Coronavirus by finalist Aly Song. 
Taken in April 2020, volunteers are 
disinfecting Qintai Grand Theatre 
in Wuhan, China, the city where 
covid-19 cases were first detected. 

Next, at top right, is a shot from 
Yoppy Pieter, winner of the image 
series prize, called Trans Woman: 
Between colour and voice. It shows 
one aspect of life for transgender 
women in Indonesia, with Lilis 
(centre), a trans woman, being 
tested for HIV in South Tangerang. 
It can be difficult for trans women 
in the country to access healthcare 
without official documents. 

At bottom left is Climate Cost by 
finalist Zakir Hossain Chowdhury. 
The devastating image was taken 
three months after Cyclone 
Amphan struck Bangladesh 
in May 2020. The cyclone is 
estimated to have left half 
a million people homeless. 

The final image, at bottom 
right, is Untangling by Jameisha 
Prescod, winner of the single 
image prize. It illustrates her 
isolation through a photo taken 
in her bedroom during lockdown. 
She turned to knitting to ease her 
mind, she says. 8 


Gege Li 
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Can AI make us less binary? 


12 Bytes is Jeanette Winterson’s witty take on AI, women and a binary world. 
Her essays provide a fresh dose of optimism, says Laura Grace Simpkins 


G 


Book 
12 Bytes 


Jeanette Winterson 
Jonathan Cape 


JEANETTE WINTERSON, the award- 


winning author of Oranges Are 
Not the Only Fruit, began circling 
around artificial intelligence 

after reading Ray Kurzweil’s The 
Singularity is Near. Since then, the 


science and technologies of AI have 


informed her fiction, including 
her 2019 novel Frankissstein. 

12 Bytes is Winterson’s first 
non-fiction book about AI. With 
12 essays, or “bytes”, that together 
form an unusual and entertaining 


read, the book is inflected with the 


same delightful, dry humour as 
the rest of her work. 

In each essay, Winterson holds 
Al up to the light, contemplating 
it from different angles. One of 
the most thought-provoking (and 
smile-inducing) of the resulting 
refractions is her treatment 
of spirituality. By comparing 
Gnostic aeons (similar to angels) 
to quantum bits, god to a 3D 
printer and heaven to mind- 
uploading, she suggests that AI 
has been born out of the human 
quest for meaning — a quest, she 
argues, that has been turned into 
a male pursuit. 

Although Winterson stresses 
that it is “not a history of AI”, 

12 Bytes traces the historical and 
contemporary women who have 
been written out of the record of 
computing’s past and Al’s future. 
From Ada Lovelace’s struggles 
against 19th-century oppression 
to the way the crucial roles of 
Katherine Johnson and other 
African American women at NASA 
during the space race were largely 
unknown before the book and 
movie Hidden Figures, Winterson 
emphasises their importance. 
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Not enough has changed. She 
lambasts a male technician at 


Google who belittled women’s 
abilities in company-wide emails, 
and a physicist who lectured on 
why women aren't really suited 

to physics at CERN, claiming 
these events aren’t anomalies but 
indicative of the systemic biases 


“We have our own 
intelligence, plus 
that of AI, but we 
are nowhere close to 
solving human issues” 


explaining the lack of female 


CEOs, STEM workers and students. 


But why is this binary, built out 
of stereotypes, perpetuated? 
Winterson doesn’t shy away 
from all this, but is refreshingly 
measured and optimistic. AI, she 
thinks, provides an opportunity 
for rectifying the situation. It isn’t 
human and has neither gender 
nor ethnicity. “Computers are not 
binary but they use binary,” she 


writes. AI might teach us to be less 
binary, even about intelligence. 

And what exactly do we mean 
by the “T’ in “AI”, she asks. Our 
definition is based on Descartes’s 
dualism, which she says “confused 
consciousness with rational, 
deductive, problem-solving 
thinking of the kind (sometimes) 
displayed by humans. In his 
view, by male humans”. 

On this front, AI has already 
beaten us: it “thinks” faster than 
we do, with top-end laptops 
managing 100 billion instructions 
per second. We have our own 
intelligence, plus that of AI, but 
we are nowhere close to solving 
human issues like gender and 
racial equality or the climate 
crisis, says Winterson. She 
concludes that we don’t have 
anon-binary definition of 
intelligence, encompassing 
emotional intelligence and love. 
If only Descartes had also written 
“Tlove, therefore Iam”, she writes. 

12 Bytes is such a welcome break 
from the scaremongering that 


Katherine Johnson’‘s 
computing achievements 
were sidelined for years 


accompanies non-specialist 
surveys of AI that it is easy to 
get swept away by the author’s 
impassioned storytelling. 

While Winterson is positive that 
we will learn from AI, she is clear 
that it is the same sort of people 
(white men, statistically speaking) 
who do its programming and 
designing. Aside from increasing 
diversity in the workplace, which 
is only happening slowly, she 
doesn’t settle on how AI can avoid 
reflecting the biases of its creators. 

With its imaginative, insightful 
and wide-ranging essays, 12 Bytes 
will undoubtedly prompt readers 
to begin their own circlings 
around AI. Less certain is whether 
it will propel us out of an infinite, 
theoretical orbit and inspire a 
course of action on Al’s issues. #f 


Laura Grace Simpkins is a writer 
based in Wiltshire, UK 


Living on another planet 


Survival is all in Settlers, a powerful and realistic sci-fi movie 


reminiscent of classic westerns, says Linda Marric 


5S 


Film 

Settlers 

Wyatt Rockefeller 

UK cinemas and streaming 30 July 


LIFE, death and existential dread 
are at the heart of Settlers, an 
impressive debut feature film from 
writer-director Wyatt Rockefeller. 
It is a slow-burning sci-fi thriller 
that asks pertinent questions 
about humanity's relationship 
with adversity and survival. 

Following an ecological disaster 
on Earth, a couple try to survive in 
a desolate Martian compound with 
their young daughter. Reza (Jonny 
Lee Miller) and his wife Ilsa (Sofia 
Boutella) do their best to protect 
9-year-old Remmy (Brooklynn 
Prince) from the dangers of the 
arid surroundings. But when hostile 
outsiders appear in the nearby hills, 
ready to attack the compound in 
order to expel the family from their 
home, Remmy becomes aware 
of the disturbing reality of the 
situation that her parents have 
shielded her from. 

Later, she is taken hostage by 
one such outsider, Jerry (Ismael 
Cruz Cordova). As the years go by, 
the probability of escape for the 
young woman (now played by 
Nell Tiger Free) lessens and she 
is left alone with Jerry, whose 
intentions towards her grow 
more and more sinister. 

There is something rather 
admirable about the lo-fi quality 


of Rockefeller’s work. Despite being 


limited by its low budget, the film 
still manages to offer a vision of 
the lives of interplanetary pioneers 
that is every bit as impressive and 
convincing as any big Hollywood 
production with similar themes. 


Isla (Sofia Boutella) and 
Remmy (Brooklynn Prince) 
in sci-fi thriller Settlers 


In fact, it is this lo-fi quality that 
adds realism to the proceedings - 
the future may not be all laser 
beams and computer-operated 
home-defence mechanisms, but 
rather made up of the remnants 
of a once-great civilisation. 
Settlers often feels like it 
has more in common with some 
blood-soaked classic westerns — 
Sam Peckinpah’s The Wild Bunch 
and Clint Eastwood's High Plains 
Drifter spring to mind — with their 
realistic approaches to death and 
violence in the Old West. 
Rockefeller seems less 
interested in convoluted and 
cerebral ideas about space travel 
or extraterrestrial encounters and 
more focused on how humans 
fare in a lawless land. 
Key to this engaging sci-fi 
production are three precise 
and understated performances, 
courtesy of Cruz Cordova, Boutella 
and Prince. Lee Miller, too, gives a 
brilliant turn in a sadly all-too-brief 
appearance, while Free carries the 
film to its harrowing denouement 
in a scene that is sure to shock. 
Set to an exquisite score courtesy 


of British musician, composer and 
sometimes actor Nitin Sawhney, 
Settlers feels both unfussy and 
earnest. Rockefeller directs with 
a deft hand and writes witha 
surprising assuredness for his first 
feature film. His ability to follow the 
golden rule of “show, don’t tell” is 
what makes his film so much more 
than one might have bargained for. 

Elsewhere, cinematographer 
Willie Nel does a great job of 
replicating the Red Planet's arid 
plains considering the film's 
shoestring budget. 

Above all, what sets this 
production apart from the rest 
is its unflinchingly honest and 
bleak view of the human condition. 
Intimate, sober and contemplative, 
Settlers delves deep into some 
hefty existential themes, all the 
while offering up a deftly handled 
and aesthetically faultless 
production that is elevated 
further by a brilliant cast. f 


Linda Marric is a film critic based 
in London 


For how to get to Mars, see page 34 


COURTESY OF VERTIGO RELEASING 


Don’t miss 


Read 


A Trillion Trees by 

Fred Pearce, who is no 
stranger to New Scientist, 
explains how we can 
cool and clean the planet. 
The answer isn't mass 
replanting, but instead 
letting forests reclaim 
vast swathes of Earth 

at their own pace. 


Watch 


Old sees a family ona 
secluded tropical beach 
ageing rapidly, with their 
lives reduced to a single 
day. Gael Garcia Bernal, 
Eliza Scanlen and Rufus 
Sewell star in director 
M. Night Shyamalan's 
shocking and deeply 
personal film. In UK 
cinemas now. 


Visit 

Sound Season at the 
National Science and 
Media Museum in 
Bradford, UK, explores 
the manipulation and 
meaning of sound in two 
exhibitions, Sonic and 
Boom, and other events 
until S December. Don’t 
forget your headphones. 
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Views Culture 


The games column 


The Red Planet beckons Richard Branson and Jeff Bezos have now both flown 
aboard their own spacecraft. Using a simulator called Mars Horizon, anyone can 
try their hand at entering the space race. Jacob Aron finds out how hard it can get 


Jacob Aron is New Scientist's 
deputy news editor. Follow 
him on Twitter @jjaron 


Game 


Mars Horizon 

Auroch Digital 

PC, PlayStation 4, Xbox One, 
Nintendo Switch 


Jacob also 
recommends... 


Game 


Kerbal Space Program 
Squad 

PC, PlayStation 4and5, 
Xbox One and Series X/S 
Another space agency 
simulator, but with much 
more freedom than Mars 
Horizon: you can design 

a spacecraft from scratch 
and directly control it with 
realistic physics. 
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AUROCH DIGITAL 


THIS month has seen billionaires 
Richard Branson and Jeff Bezos 
launch aboard spacecraft made 


by their own firms, Virgin Galactic 


and Blue Origin respectively. It 
is quite an accomplishment for 
the private space sector, but it is 
also worth noting that neither 


firm’s suborbital flight exceeds the 


achievement of the first person in 
space, Yuri Gagarin, who orbited 
Earth 60 years ago. 

Ihave also been making an 
attempt at orbital flight, albeit 
virtually, in Mars Horizon, aspace 
agency simulator developed in 
cooperation with the European 
Space Agency (ESA). The game 
lets you choose to play as ESA, 
NASA, the Soviet Union, China 
or Japan, and recreate the space 
race starting in 1957 (ignoring the 
fact that three of the participants 
entered the race years later). 
Imade the first ever uncrewed 
launch that year, but then quickly 
slipped behind: my first astronaut 
only launched in 1965, a few years 
after everyone else. 

From there, the solar system 
opens up. Completing missions 
generates science, which you can 


use to research further missions, 
buildings for your launch complex 
or new rockets. 

You don’t get to directly 
control the missions: on hitting 
launch, a cutscene plays out 
and your payload either makes 
it to orbit successfully or blows 
up. Assuming everything goes 
to plan, you then play a short 


“I made the first ever 
uncrewed launch, but 
then slipped behind: 
my first astronaut 
only launched in 1965” 


resource management game 

that is meant to simulate course 
corrections and similar spacecraft 
operations. I found this the most 
boring part of the game, and 
developer Auroch Digital seems 
to realise this, as you can choose 
to skip it for some missions. 

As the title suggests, the game’s 
ultimate goal is to land humans 
on Mars, but doing so requires 
heaps of experience in space flight. 
Pretty much every mission in the 
history of space exploration is 


In Mars Horizon, you can 
take the helm at various 
space agencies 


represented in the game -—a recent 
update added NASA's Perseverance 
Mars rover—andIhad alot of fun 

working through the greatest hits. 

Sure, I didn’t land humans on 
the moon until 1977, eight years 
after the real Apollo 11 mission, 
and I was the fourth agency to 
do so, but there was still a frisson 
of excitement as my lander 
touched down. The game does 
a great job of simulating the more 
challenging aspects of space 
exploration. Even the best- 
designed mission has a risk of 
failure, and I had to pick myself 
up and rebuild more than once. 

Finally, in July 2024, I was ready 
to head to Mars. Because China 
was also preparing to go and 
had more space-flight experience, 
Ihad rushed to assemble my 
spacecraft in Earth orbit, building 
it up over the course ofa few 
launches. The only way to win this 
space race was to take a gamble. 
My astronauts set a course for 
the Red Planet, and everything 
seemed to be going well until 
disaster struck: a failure to 
manage radiation levels meant 
the craft never entered Mars orbit, 
dooming the astronauts to drift 
into deep space. 

At this point, I could have 
sighed, hoped China’s mission 
was also unsuccessful and then 
started building my Mars craft 
from scratch for another attempt. 
Instead, I cheated and reloaded 
the game to the start of the 
mission. It took a few more 
failures, but I eventually landed 
on Mars in July 2025. On the one 
hand, that’s earlier than any space 
agency will manage in real life. 

On the other, when it comes to 
proper space exploration, there 
are no second chances. ff 
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Salary: Highly competitive salary 


We are looking for motivated candidates keen to explore new cultures and 
horizons, and learn new skills to engage consumer, patient, policymaker, 
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Search and apply for 1000’s of jobs 
from the number one destination 
for science jobs. 


newscientistjobs.com 


Eden 


Nuclear and Environment 


Mathematical Modeller for Technical Consultancy in the 
Nuclear Industry 


We are looking for a Mathematical Modeller to take the lead in developing 
and managing an enhanced modelling capability within our company. The 
appointment would be at a senior level. 


You will have leading experience in using and developing mathematical models 
for nuclear industry applications. We are particularly interested in candidates with 
experience in modelling in support of the development of environmental safety 
cases for repositories, but candidates with other nuclear industry experience are 
also welcome to apply. You should have experience in managing and directing 
technical projects. There will be opportunities to make an important contribution 


towards the development of our rapidly growing company. 


Eden Nuclear and Environment Ltd. is an employee owned SME. We 
specialise in developing safe, sustainable and economically achievable solutions 
for radioactive waste management and disposal and the clean-up of radioactively 
contaminated land. Our business is expanding and we have recently moved into 
new bespoke offices in Penrith, Cumbria. 


We offer a competitive salary and profit share and flexibility in working location. 
To apply, please send a current CV and cover letter to admin@eden-ne.co.uk by 


31st August 2021. Visit www.eden-ne.co.uk for more information. 
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Features Cover story 


This pig painting 
from Leang 
Tedongnge cave on 
Sulawesi is at least 
45,500 years old 


ADHI AGUS OKTAVIANA 


The cave 3 
art conundrum 


Fresh discoveries are forcing a rethink on everything we 
thought we knew about Stone Age art, not least what it means 
and where else it might be hiding, finds Alison George 
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that would rock our understanding of 
human history. On the walls of Altamira 
cave in northern Spain, she spotted stunning 
drawings of bison, painted in vivid red and 
black. More striking even than the images 
was their age: they were made thousands 
of years ago by modern humans’ supposedly 
primitive ancestors. Today, nearly 400 caves 
across Europe have been found decorated 
with hand stencils, mysterious symbols 
and beautiful images of animals created by 
these accomplished artists. 

The discoveries led to the view that artistic 
talent arose after modern humans arrived in 
the region some 40,000 years ago, as part of 
a “cultural explosion” reflecting a flowering 
ofthe human mind. But more recent evidence 
has blown this idea out of the water. For 
a start, modern humans might not have 
been the first artists in Europe, as paintings 
discovered in a Spanish cave in 2018 have 
revealed. What’s more, a treasure trove 
of cave paintings emerging in Indonesia 
has dispelled the idea that Europe was the 
epicentre of creativity. Indeed, discoveries 
in Africa indicate that humans were honing 
their artistic skills long before groups of 
them migrated to the rest of the world. 


[: 1879, an 8-year-old girl made a discovery 
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The real puzzle is why Stone Age cave art 
seems to be concentrated in a few locations. 
Could it be hiding elsewhere in plain sight, 
unnoticed, unrecognised or obscured? 

Efforts are now under way to track down this 
missing art, with growing success. The latest 
discoveries are revealing common themes 
and hidden codes shared by prehistoric people 
everywhere. Crack their meaning and we will 


“The real puzzle is why 
Stone Age cave art seems 
to be in so few locations” 


get an insight into the minds of our ancestors 
extending back millennia. 

No other living creature represents thoughts 
and ideas in the form of drawings or symbols. 
It isn’t just aesthetically pleasing, it also 
provides a way to share information widely 
and across generations. A hint that this 
symbolic behaviour long predates the 
evolution of our species comes in the form of 
a500,000-year-old shell etched with a zigzag 
by an ancient Homo erectus. The earliest 
evidence of artistic thinking in Homo sapiens 
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is found in Blombos cave in South Africa, 
where geometric patterns scratched onto 
blocks of ochre show that people were 
experimenting with symbols 100,000 years 
ago. In 2018, the world’s oldest drawing, made 
with a red ochre crayon on a rock 73,000 years 
ago, was discovered there too. And there are 
examples of prehistoric artistry from other 
parts of Africa, including 100,000-year-old 
seashell beads found in Algeria. 

Early humans that left the cradle of 
humanity in Africa and migrated around the 
world must have taken their artistic talent 
with them. Yet for more than a century after 
the discovery at Altamira, almost all known 
Stone Age cave art was in Europe. That changed 
in 2014, with an incredible finding from the 
opposite side of the world. 

Local people have long known that the 
limestone caves of the island of Sulawesi, 
Indonesia, contain many painted images. 
Modern humans are thought to have reached 
the region some 65,000 years ago, but nobody 
imagined the art could be very old because 
ancient paintings seem unlikely to survive 
in the tropical environment. A team of 
researchers led by Maxime Aubert, now at 
Griffith University in Australia, upended this 
idea using a technique that is revolutionising 
our understanding of cave art. Over time, 
layers of calcite can slowly build up over 
sections of otherwise visible images, and 
uranium-series dating measures the levels 
of uranium and thorium in these to give a 
minimum date for when the art was created. 
Using this technique in seven caves, the 
researchers found 14 images including a 
painting of a babirusa (also known as a 
pig-deer) dating to at least 35,400 years 
ago, comparable to the oldest images of 
animals found in Europe. Another, a hand 
stencil — created by placing a hand on the wall 
and blowing paint onto it to give a silhouette — 
was at least 39,900 years old, making it the 
oldest known hand stencil at that time. 

This opened a floodgate to new discoveries 
in Indonesia. These included a hunting scene 
created at least 43,900 years ago, which is the 
oldest known depiction of human beings, and 
by far the oldest narrative artwork (see “The 
first selfie”’, page 40). “When we found that 
image, we were absolutely delighted, but when 
it turned outto be that old, wewerealmost >» 
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fainting with joy,’ says Adam Brumm, also at 
Griffith University. In January, his team 
announced that a picture ofa pig in another 
Sulawesi cave dates back at least 45,000 years — 
the new record for the oldest figurative art. 


Lost art of Asia 


These findings are the final nail in the coffin 
for the idea that artistic talents were born in 
some “creative explosion” in Europe. And the 
hunt for ancient art in South-East Asia has only 
scratched the surface. “We have found more 
than 300 sites in Sulawesi with cave art that 

is stylistically similar and consistent,” says 
Brumm. “On the adjacent island of Borneo, 
there’s more cave art that we’ve dated.” What’s 
more, thousands of other islands in Indonesia 
have never been surveyed for paintings. “I 
think there’s a hell ofa lot more rock art out 
there,” he says. We can expect older dates to 
emerge soon, too, because Aubert is 
pioneering a variation of uranium-series 
dating that uses lasers to pinpoint the first 
layers of calcite deposited over a painting. New 
dating techniques are also starting to pin down 
the age of the wealth of rock art in Australia, 
which has been almost impossible until now 
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(see “Dating Australian rock art”, right). Aboriginal rock likely that this artistic style originated in earlier 
Uranium-series dating is challenging our art at Manja Shelter populations. “It must have a much older origin, 
understanding of the oldest cave art in Europe in Grampians probably in Africa,” says Aubert. If that is the 
too. A 2018 study of three Spanish caves by National Park case, he thinks a trail of earlier ice-age rock art 
Alistair Pike at the University of Southampton, Australia may have connected South-East Asia to Europe 
UK, and his colleagues, revealed that a hand along human migration routes. 
stencil and a rectangular symbol found there Why hasn’t this missing art been found? One 
are around 65,000 years old. Modern humans possibility is that it never existed. Just because 
didn’t arrive in the region until 20,000 years people can make art, it doesn’t mean they will: 
later, leading the researchers to conclude that art may have been something our ancestors 
Neanderthals must have created these images. only created under particular circumstances. 
This assertion has been hotly contested. Yet Population size is thought to be a key factor, 
regardless of who the first European artists with a larger group more likely to come up 
were, we now know that around 40,000 years with and spread new ideas. “If art is a social 
ago, there were two hotspots of cave art phenomenon, and therefore serves as a way 
on opposite sides of Eurasia. to keep a complex society together, then you 
Despite being 13,000 kilometres apart, these would expect that, when groups grow in size or 
artistic outpourings show some striking perhaps get more concepts of land ownership 
similarities. The images are dominated by and territory, they’re more likely to inscribe 
large herbivores drawn in profile. Hand that landscape with meaning,” says Paul Pettitt 
stencils are very common too. What’s more, at Durham University, UK. Migrating bands 
the oldest art in both regions was already may have been too small and mobile to feel 
sophisticated and well developed, making it the need to produce much art. 
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DATING 
_ AUSTRALIAN 


_. ROCK ART 


ee Humans may have arrived in 

_. ~ Australiaas early as 65,000 years 
f. ago. Thousands of rock art sites 
are found there, but dating these 
artworks is extremely challenging 
because the geography means 
there is alack of the minerals and 
organic material generally used 
to establish age. A breakthrough 
came this year, courtesy of 
Damien Finch at the University of 
Melbourne and his colleagues, 
working with the Balanggarra 
Aboriginal Corporation, which 
represents the traditional 
owners of the land. They dated 
images in eight rock shelters in 
Kimberley, Western Australia. 
Using radiocarbon 
measurements from fossilised 
wasp nests lying beneath and on 
top of the artworks, they found 
Australia’s oldest known image: 
a large kangaroo painted 
between 17,500 and 17,100 
years ago. 

This record is unlikely to last 
long, becasue there are already 
hints of older images. A slab 
decorated with charcoal has 
been unearthed in 28,000-year- 
old sediments in an Arnhem 
Land rock shelter. In Kimberley, a 
small slab of rock painted with 
ochre was found in sediments 
dating back 40,000 years. 
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Another possibility is that they did produce 
art, but it hasn’t survived. If people drew on 
hides or wood, then these images would have 
perished long ago. Even on rock, preservation 
is a problem. The painted caves of France and 
Spain are anomalies compared with other 
locations around the world, where humidity 
crumbles cave walls and trickling water washes 
away paint or causes a thick layer of calcite to 
form, obscuring the pigment. “The very old 
stuffis likely to be less visible to the naked eye,” 
says Genevieve von Petzinger at the University 
of Victoria, Canada. “Yet there are now so many 
high-tech tools that we can use to reveal it.” 

A digital enhancement technique called 
decorrelation stretch, for example, brings out 
elements of drawings that are nearly invisible 
to the naked eye. Developed to detect signals 
from space, it has been used by NASA to 
enhance images captured by its Mars rover, 
Perseverance. Then there is multispectral 
imaging, which uses different ranges of the 
light spectrum, from infrared to ultraviolet, 
to pick up faded traces of red ochre hidden 
behind layers of calcite. Spectral analysis of 
pigments can give a “recipe” for the paint 
used, providing clues about whether different 
paintings were made at the same time. Such 
sophisticated imaging techniques have already 
uncovered many hidden Stone Age images. For 
example, a high-tech survey of Bernoux cave in 
the Dordogne region of France, which has been 


At more than 17,100 
years old, this is 
Australia’s oldest 
known rock art 
image - for now 


studied by archaeologists since 1932, revealed 
new images and details, including two 
drawings of mammoths - creatures that are 
quite rare in the menagerie of depictions. 
Artis also being uncovered in places 
where it previously wasn’t thought to exist. 
Archaeologist Aitor Ruiz-Redondo at the 
University of Southampton, UK, is at the 
forefront of this hunt, targeting caves where 
early humans were known to reside. In 2019, 
he and his colleagues uncovered the first 
figurative cave art in the Balkans, at Romual’s 
cave in Croatia. It depicts a bison and an ibex, 


‘Cave art is now being 


uncovered in places it 
wasn’t thought to exist”’ 


plus two human-like figures. Last year, 

he leda survey of Kapova cave in Russia’s 
Ural mountains, which uncovered arare 
depiction ofa camel, amammoth seemingly 
protecting her calf and unique graphic symbols 
including inverted trapezoids. The fieldwork 
was curtailed by the covid-19 pandemic, but 
Ruiz-Redondo hopes to return soon and 

says there are many more images to discover. 
Cave art has also been found in Romania, 
including a rhinoceros drawn in charcoal 
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SELFIE 


One of the most striking 

things about the oldest cave 

art is what the painters left 

out. In European caves, 

people represent less than 

3.3 per cent of the images 

of animals. They are rare in 
South-East Asian cave art 

too. What's more, whereas 
animals are depicted with 

great virtuosity, humans are 

often stick figures. “In the 
Palaeolithic world, there were very 
few humans,” says prehistorian 
Jean Clottes. “They lived in small 
groups of 20 to 25 people, with the 
next group maybe 50 miles away. 
Their world was full of animals, and 
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Sipong 4 on the island of Sulawesi, 
Indonesia (see above). It depicts 

at least eight small, human-like 
figures with spears or ropes 
hunting two pigs and four dwarf 
buffaloes. Painted at least 43,900 


Brumm at Griffith University in 
Australia. “One has a bird-like 
head.” Such human-animal 
chimeras are found in later cave 
art, but their presence here is 
significant. “It’s the earliest known 


The human 
images in this 
hunting scene are 
the oldest known 


animals were of much more 
importance than humans.” 

One of the most remarkable cave 
drawings of the human form is ina 
limestone cave called Leang Bulu’ 


some 30,000 years ago; woolly rhinos lived in 
the region at that time. And there are 
tantalising hints that images in Mongolia 
might be equally old. 

“The cave art from Indonesia and central, 
eastern and western Europe has features that 
look alike,” says Ruiz-Redondo. He thinks they 
could have acommon origin in the Near East, 


where humans first settled after leaving Africa. 


With that in mind, he has his eyes set on the 
Levant for future exploration. Others believe 
we might yet find the origins of cave art in 
Africa. To date, the oldest known figurative art 
there is just 27,000 years old, and even that is 
disputed. It consists of four small stone slabs 
found in the Apollo 11 cave in Namibia, 
decorated with images of animals drawn 
with charcoal and ochre. But most of the 
continent hasn’t been explored 
archaeologically, so there could be plenty 
of cave art yet to be discovered, says Eleanor 
Scerri at the Max Planck Institute for the 
Science of Human History in Jena, Germany. 
Now that we know this art is more 
widespread than was long assumed, and 
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H COLLADO 


years ago, these are the oldest 
known human figures in art. 
"They're almost stick-like, with a 
human-like body but what seem to 
be animal heads,” says Adam 


Neanderthals 
decorated a 
Spanish cave 
65,000 years ago 


evidence for the human ability to 
conceive of the supernatural, and 
that is one of the fundamental 
requirements for religious thought 


and belief,’ he says. 


displays consistent characteristics across vast 
stretches of space and time, the million-dollar 
question is what these hand stencils, drawings 
and symbols mean. Over the years, researchers 
have come up with all sorts of ideas: that the 
images were related to hunting rituals, sexual 
symbols or the connection to the spirit world, 
which today remains an integral part of the 
lives of many hunter-gatherers. Some doubt 
that we will ever know. “It’s frustrating,” says 
Ruiz-Redondo. “It means something for sure, 
but we cannot solve this question.” But as more 
examples emerge, people are increasingly 
optimistic that we can decode at least some 
of the information embodied in cave art. 

To that end, Georges Sauvet at the University 
of Toulouse-Jean Jaurés in France has built 
a database containing details of more than 
4700 drawings, paintings and engravings 
of animals found in the caves of France and 
Spain. Studying this wealth of information, 
he noticed a striking trend: Stone Age people 
were obsessed with horses. They are the most 
popular animal depicted in the art, appearing 
in 29.5 per cent of the images, compared with 


23.3 per cent for bison and 11.1 per cent for deer. 
Three quarters ofall his sites contain at least 
one horse. Other animals are usually drawn 
facing to the left. “The horse appears to be the 
exception,” says Sauvet. Not only do most face 
right, they are often depicted larger than other 
animals and in more prominent positions in 
caves. Excavations show that horses weren’t a 
major food source for these people, so their 
fascination with them must have been for 
other reasons. 

The ancient hunter-gatherers of Indonesia 
were even more obsessed with one particular 
animal: the pig. A survey of 23 caves in 
southern Sulawesi by Yosua Pasaribu at the 
University of Indonesia found around 80 per 
cent of the animals depicted were pigs. “These 
early human cultures were besotted with one 
species of pig in particular, which is endemic 
to Sulawesi: the warty pig,” says Brumm. 

Equally fascinating is the lack of depictions 
of animals that these people would have 
frequently encountered, such as wolves and 


Cave art at 
Tarascon-sur- 
Ariége in the 
French Pyrenees 
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foxes in Europe, and small animals such as 
rabbits that formed a large part of their diet. 
“Palaeolithic art is not a picture of the 
environment, but the lifeworld of these 
ancient hunter-gatherers,” says Sauvet. 
“Tt’s a cultural selection of the animals 
that surround them.” 

Decoding graphic marks is even trickier 


“What do all these 
hand stencils, drawings 
and symbols mean?” 


because they are abstract. But large databases 
and statistical analysis can shed some light on 
these Stone Age codes too. “We can finda 
scientifically sound way to approach the 
question of meaning,” says von Petzinger, who 
has created a database of graphic symbols on 
the cave walls of Europe. She has identified 


32 symbols that are used repeatedly. Some, 
notably lines and dots, are common and found 
in the oldest art. Others, suchas a feather-like 
shape, originate in one region then spread to 
new areas. Studying which symbols are placed 
beside each other, or next to animals, gives 
some insight into these early experiments 
with codification. “I think most of us would 
agree that it is a form of writing,” says Pettitt. 
“Visually, I see little difference between these 
[signs] and the earliest Sumerian impressions 
on clay, which are always interpreted as the 
earliest writing systems. Presumably these 
signs are saying something about the animals 
they are depicted next to.” 

However, just like with the symbols that 
people use to communicate today, the same 
signs could have had different meanings to the 
various groups that used them. Meaning could 
also vary depending on their context, says von 
Petzinger. Take the lowly dot, a symbol found 
in most European cave art. “In certain caves, 
dots may well be path markers. In other cases, 
they could be some sort of tallying systems,” 
she says. They can be grouped to form what 
looks like a depiction ofa constellation or, on 
an animal, could represent a wound, she says. 
“Tt’s a very simple character with a huge 
amount of information embedded in it.” 

The complex quadrilateral signs found in 
caves in northern Spain are similar. Sauvet 
and his colleagues think the variability of 
details drawn within each of these shapes 
suggests they were used as markers for 
different but affiliated groups. 

Can we ever know for sure what messages 
these Stone Age artists were trying to convey? 
“Probably not,” says von Petzinger. “But, at the 
same time, we may be able to tease out some 
new information.” And the more examples 
of their work we discover, the more insight 
we will have into their minds. “We have such 
asmall fraction of what used to exist that 
every image we can find is a crucial piece of 
the jigsaw,” she says. “It’s an exciting time.” I 
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Features 


Thin-air 


therapy 


Our organs and cells die without enough oxygen, 
but there may be times when limiting it could 
actually help us heal. Ute Eberle investigates 


OUNTAINEERS Ralf Dujmovits and 
M Nancy Hansen are no strangers to 

thin air, having collectively reached 
the summits of all eight of the world’s highest 
mountains. But when they entered the 
hypoxia chamber at the German Aerospace 
Center (DLR) in Cologne in May 2018, they were 
effectively climbing one of the highest peaks of 
their careers. After a two-week acclimatisation, 
they spent 16 days breathing air thinner than at 
Everest base camp — including four days at the 
equivalent of 7112 metres. This is just shy of the 
“death zone” over 8000 metres, where the lack 
of oxygen impairs climbers’ judgement and 
increases their risk of heart attack and stroke. 

Time and again, the two mountaineers — 
and those observing them — questioned 
whether they should keep going, but they did. 
If Dujmovits and Hansen could show that 
humans can tolerate extended periods of low 
oxygen, known as hypoxia, it would pave the 
way for an even more ambitious experiment: 
to test whether, sometimes, it might even be 
beneficial to starve people of oxygen. 
This may sound strange. After all, our organs 

and tissues need oxygen. Indeed, astonishingly 
low oxygen levels in people with covid-19 have 
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perplexed and panicked doctors (See “Happy 
hypoxia?”, right), and treatment guidelines 


recommend giving extra oxygen. After a heart 


attack or stroke, people are routinely given 
oxygen too, to ensure their tissues don’t die. 

Yet, for all this, surprisingly, there are hints 
that hearts and spinal cord injuries could heal 
faster if deprived of oxygen. Could it be that, 
in some cases at least, we have been breathing 
too much ofa good thing? 

Our bodies are set up to adapt to variations 
in oxygen availability. The 2019 Nobel prize 
for medicine went to the British and US 
researchers who identified key molecules 
called hypoxia inducible factors (HIFs) that 


“People living 
at altitude seem 
to be healthier, 
on average, than 
those living near 
sea level” 
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multiply when oxygen supplies run low. HIFs 
activate hundreds of genes and biochemical 
pathways to help cope with oxygen deficiency. 

At least some of these adaptations seem 
to be beneficial. Almost 140 years ago, French 
physiologist Paul Bert hypothesised that 
exposure to high altitude increased the 
number of oxygen-carrying red blood cells. 

In the 1930s, Russian military pilots prepared 
for flying planes with open cockpits by 
undergoing “altitude acclimatisation”. During 
these sessions, doctors noticed that bouts 

of hypoxia seemed to help with conditions 
ranging from asthma to hypertension. 

That’s directly at odds with the conventional 
medical view of hypoxia: when people head 
into the mountains, their hearts beat faster 
and their blood pressure increases as their 
bodies try to cope with the diminished oxygen 
supply. They may feel nauseous, experience 
headaches and struggle to concentrate. Severe 
altitude sickness can be deadly, as the brain 
swells and lungs fill with fluid. 

Even so, people living long-term at altitude 
seem to be healthier, on average, than those 
living near sea level. They have lower rates of 
diabetes, cardiovascular diseases and 


certain types of cancer like breast cancer 
and lymphoma. 

Now, animal studies are starting to shed 
light on this paradox. In 2017, Hesham Sadek at 
the UT Southwestern Medical Center in Dallas, 
Texas, and his colleagues reported a peculiar 
finding. They kept mice in a chamber with 
slowly diminishing oxygen levels and noticed 
that ifthey spent two weeks breathing air with 
7 per cent oxygen — roughly equivalent to what 
each breath delivers on top of Mount Everest — 
their heart cells started growing and dividing. 
This was surprising because the hearts of 
adult mammals can’t usually form enough 
new tissue to regenerate themselves, which 
is why heart attacks are so deadly. 

Sadek knew that mammalian hearts are 
able to regenerate themselves in utero, but lose 
this capacity shortly after birth. He began to 
wonder if this might be related to the peculiar 


oxygen environment experienced by embryos. 


Although they receive oxygen from their 
mother via the placenta, their heart grows 
under largely hypoxic conditions. And “if you 
injure it, it regenerates completely”, says Sadek. 
Babies lose this ability soon after birth, when 
they start breathing, which floods the body 


At the summit of 
Mt Everest - 8848 
metres up - each 
breath delivers 
only a third of the 
oxygen it does 

at sea level 


with oxygen. He speculated that this process 
might be reversible —that by carefully 
withholding oxygen, mature heart cells could 
be prompted to regress to amore embryonic- 
like state where they start dividing. 

Sadek isn’t alone in spotting that hypoxia 
may have benefits. For the past few years, a 
team led by neuroscientist Gordon Mitchell at 
the University of Florida has been limiting the 
oxygen intake of people who have had a spinal 
cord injury. They might, for example, breathe 
regular air for 1 minute, then air “that’s as thin 
as at the summit of Mt Denali-the highest 
mountain in Alaska”, the next, says Mitchell. 

Because of their injuries, these patients 
need ventilators to help them breathe, but 
consuming thin air seems to make them less 
reliant on them. Their ability to walk and grasp 
objects also improves. Mitchell’s team has been 
investigating why this happens. One discovery 
is that hypoxia triggers the release of growth 
factors that fortify neural connections. “The 
neural pathways between the brain and spinal 
cord strengthen,” says Mitchell. Clinical trials 
are under way to test this further. 

There is also some evidence to suggest 
that hypoxia can spur the growth of new > 


Happy 
hypoxia? 


Since the beginning of the 
coronavirus pandemic, doctors have 
been baffled by a consistent pattern 
among some people with covid-19: 
their blood oxygen levels are 
staggeringly low. So low, in fact, 
that they are “incompatible with 
life", according to an analysis by 
pulmonologist Martin Tobin at 
Loyola University Medical Center 

in Chicago. And yet, many of these 
people are able to speak normally 
and seem to have no breathing 
trouble. The condition has been 
dubbed “happy hypoxia” or 

“silent hypoxia”. 

However happy hypoxia emerges, 
it seems to allow the lungs to keep 
expelling carbon dioxide, at least 
initially. Apparently, this fools 
the body into feeling fine even 
though the oxygen level in the 
blood is decreasing. 

But silent hypoxia does do 
harm. Diminished oxygen has 
been associated with increased 
covid-related mortality. There 
is also speculation that it may be 
behind some of the neurological 
symptoms that the virus can 
produce. A preliminary study 
last October showed that a 
severe bout of covid-19 can 
cause mental decline equal 
to the brain ageing a decade. 

Monitoring the blood oxygen 
level therefore seems crucial. 

Last year, NHS England began 
distributing pulse oximeters to 
people with the virus so they could 
keep an eye on their oxygen levels 
at home and identify any dangerous 
dips. Despite its name, the hypoxia 
isn't “happy” and doctors need to 
know when it is happening. 


31 July 2021 | New Scientist | 43 


RALF DUJMOVITS 
pare; 


blood vessels around the heart. That may help 
explain why living at high altitude seems to 
reduce the risk of cardiovascular disease. 

“Intermittent hypoxia” treatments may help 
reduce cognitive impairment associated with 
neurodegenerative disease too, according to 
a review of several early-stage trials published 
in May. “We are beginning to see efforts in 
other clinical disorders including ALS, MS and 
stroke, although none of these initial pilot 
studies have been published yet,” says Mitchell. 

Proponents believe the benefits may go 
further still. One area of interest is weight loss. 
This is rooted in research showing that people 
who live in mountainous areas are less likely to 
be obese, and that lowlanders who frequently 
go mountaineering often lose weight. Is that 
because people who prefer to live in the 
mountains tend to be more physically active, 
or simply that climbing a mountain is 
strenuous work? Partly, perhaps. But 
researchers say there is more to the story. 

In 1985, the US Army simulated a 40-day 
mountaineering expedition in a hypoxia 
chamber. Six volunteers were kept warm and 
provided with unlimited snacks and meals. 
They could also exercise, but only if they felt 
like it. As with Dujmovits and Hansen’s stay at 
the DLR, oxygen levels were gradually reduced 
until the air was as thin as at the top of Mount 
Everest. On average, the participants lost 
7.5 kilograms during the 40 days. 

Something similar was observed when 
researchers recruited a group of men with 
obesity to spend a week living in comfy 
quarters at 2650 metres. Although they did 
no exercise and ate as much as they desired, 
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“Hypoxia seems 
to make people 
less hungry and 
boost metabolic 
rate, so we burn 
more calories” 


each slimmed down by around 1.3 kilograms. 

Researchers believe that hypoxia induces 
weight loss in two ways. First, it seems to make 
people less hungry. The reason is as yet unclear 
as yet, but in this study, researchers found 
that participants produced more of the satiety 
hormone leptin at altitude. By the end, they 
ate 730 fewer calories than usual per day. 

Second, hypoxia also seems to trigger 
hormonal changes that boost our metabolic 
rate, so we burn more calories. It can increase 
energy expenditure by 30 per cent or more. 

That’s not to say everyone should head to the 
mountains ifthey want to lose weight. For one 
thing, the effects of hypoxia seem to fade when 
people are no longer exposed to it: a weekend 
at askiresort is unlikely to produce lasting 
weight loss. It is also not clear how much 
oxygen should be withheld, and ifthe same 
amount would apply to everyone. 

Ultimately, hypoxia is probably a double- 
edged sword: beneficial in some situations, 
undeniably harmful in others. For people with 
sleep apnoea, for instance, it is surely the latter. 
The condition causes breathing to repeatedly 


Mountaineers Ralf 
Dujmovits and Nancy 
Hansen had thicker 
blood after five weeks 
in alow-oxygen room 


stop for up to several minutes at night, and 
many people with sleep apnoea go on to 
develop diabetes. That may be because hypoxia 
triggers changes in glucose metabolism that 
make them more susceptible to the disease. 

More experiments are clearly needed, which 
is where Dujmovits and Hansen come in. 
Inspired by Sadek’s mouse studies suggesting 
that hypoxia strengthens the heart, Ulrich 
Limper and his colleagues at the DLR wanted 
to test the effect of prolonged hypoxia on 
healthy individuals, before eventually trying 
it on people recovering from a heart attack. 

Breathing thin air led to pronounced 
changes in the mountaineers’ bodies: their 
heartbeats became irregular, blood thickened 
from the extra red blood cells churned out by 
their bone marrow, veins in the brain swelled 
and their hearts shrank while its walls grew 
thicker. Most of these changes reversed once 
they returned to breathing normal air. 

For their part, Dujmovits and Hansen 
seemed relieved when they stepped out of 
the windowless chamber, back into normal 
air. “The first thing I noticed about being 
outside after five weeks is that outside is BIG! 
And busy,’ reported Hansen on her blog. 

“With lots of oxygen. It tastes good.” 

Further studies had been held up by the 
pandemic. But if things go according to plan, 
the work should resume soon. “Now that we 
know that healthy individuals can tolerate this 
kind of hypoxia without real risk, we need to 
show that heart patients can, too,” says Limper. 
He and his team have recruited volunteers who 
have had a heart attack and are willing to spend 
several weeks in the low-oxygen chamber. 

Like the mountaineers, they will be slowly 
starved of oxygen, that irreplaceable stuff 
that cells need to function, to produce energy, 
to live. Limper hopes that precisely because 
oxygen is so essential, the body will finda 
way to fight back—and people will emerge 
fitter and healthier, out of thin air. I 


Ute Eberle is a science journalist 
based in Baltimore, Maryland 
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Where’s my 
robot car? 


Is the dream of self-driving vehicles going 
the way of the jetpack, asks Jeff Hecht 


S REVOLUTIONS go, this one has been 
A rather lacking in revs. For the past 

decade or so, there have been confident 
predictions that gas-guzzling cars driven by 
accident-prone humans would soon be on the 
slip road to oblivion. The future of mobility 
was to be all-electric— and all-autonomous. 

Electric cars are already on the move, 
although we must go much further and 
faster if we are to meet climate goals. 
Meanwhile, however, the “autonomous” 
bit seems to be stuttering, to say the least. 

To be sure, some of the latest commercially 
available cars come with ever more computing 
smarts, such as adaptive cruise control, which 
allows for occasional hands-free use in very 
specific road conditions. But beyond a few 
small-scale tests of truly autonomous vehicles, 
drivers must keep their eyes and minds on the 
road at all times. A future where the average 
motorist can sit back, relax, even take anap 
and let the car’s computer get them all the way 
from home to work and back, say, seems barely 
on the horizon. 

Some observers are now openly saying the 
dream of full autonomy is a mirage: creating 
robot vehicles able to tackle any kind of road 
or traffic situation is just too tough a nut to 
crack. Are they right? And if so, what exactly 
is keeping down the self-driving car? 

The dream of all-electric robo-taxis 
grew froma series of autonomous vehicle 
challenges launched by the US Defense 
Advanced Research Projects Agency more 
than a decade anda half ago. They showed that 
sensors and computers could guide driverless 

¢ cars through a couple of hundred kilometres 
Z of terrain, including on mocked-up city streets. 
Q Rapid advances in machine vision, artificial 


intelligence, inexpensive radar and digital 
mapping fed the optimism that consumer 
versions were just around the corner. 

There has been some progress. Since 2009, 
self-driving vehicles made by Waymo, part of 
Google’s parent company, have driven some 
30 million test kilometres on public roads in 
over 25 cities, more than 100,000 of them 
autonomously in the true sense of that word -— 
without a safety driver to take control. Some of 
those cars have lacked steering wheels, 
accelerators or even human-operated brakes. 
Since 2017, they have been carrying passengers 
in Phoenix, Arizona. Results from these tests 
and from other developers, among them 
universities, car-makers such as General 


Motors (GM), Toyota, Honda and Ford, and the 
ride-sharing companies Uber and Lyft, have 
been used to refine computer driving systems. 
In commercially available cars, meanwhile, 
driver-assist features such as lane keeping, 
which keeps a car between lane markings 
without a driver’s intervention, are becoming 
widespread. This sort of automated system, 
which changes either a car’s direction or speed, 
but not both, and still requires machine 
involvement, equates to level1 ona scale 
of automation from O to 5 established by 
US-based association SAE International, 
formerly the Society of Automotive Engineers. 
At the other end of the scale, level 5 is full 
autonomy, anywhere, under any conditions. » 
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In 2015, Elon Musk’s electric car 
manufacturer Tesla started offering a level-2 
automation option — one that can changea 
car’s direction and speed simultaneously — 
called Autopilot. All the 500,000 cars Tesla 
delivered in 2020 have the feature, which 
allows the vehicle to steer, accelerate and brake 
automatically. Despite the name, Tesla warns 
that “current Autopilot features require active 
driver supervision and do not make the vehicle 
autonomous”. That means eyes on the road 
and hands still on the wheel, even when the 
on-board computer is doing the steering. 

In 2018, GM introduced a level-2 “Super 
Cruise” option in its premium Cadillac line. 
The company says it allows drivers to take 
their hands off the wheel on certain company- 
checked, limited-access, multi-lane, divided 
highways in the US and Canada. The system 
tracks drivers’ eyes and warns them if they 
look away from the road for more than a few 
seconds. Super Cruise will be available on 
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22 GM models by the end of 2023, the company 
says. “Once you have used it, you can’t live 
without it,” says Super Cruise assistant chief 
engineer Jeff Miller. 

Other car-makers, including Honda, Toyota 
and Volvo, plan similar systems for highway 
driving in private vehicles starting in 2023. 

In Japan earlier this year, Honda even delivered 
what it says is the first street-legal level-3 self- 
driving car. Level-3 autonomy is when the 
driver can relinquish control in certain 


“The first obstacle 
to driverless 
cars is safety, 
or at least the 
perception of it” 


circumstances and do other stuff, like read 

a book, while the computer does its thing. 
The Legend Hybrid EX with Traffic Jam Assist 
can manoeuvre itself with a human ready to 
take control with minimal notice, but only 
ona highway clogged with traffic, following 
another car in the same lane at speeds up to 
72 kilometres an hour. 

Audiannounceda similar feature in 2017, but 
European regulators have yet to be persuaded 
to allow such autonomy on the road. The firm 
gave up last year. That speaks to the first major 
roadblock to making higher levels ofautonomy 
work: safety, or at least the perception ofit. 

Aseries of high-profile accidents involving 
fatalities both inside and outside driverless 
cars has shaken faith in the idea that they are 
safer overall (see “How safe are self-driving 
cars?”, page 48). Perhaps the most unsettling 
incident came in March 2018 when a cyclist 
who was walking her bicycle across a street 
in Tempe, Arizona, died after an Uber vehicle 
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testing on-road autonomy with a safety driver 
present hit her. A US National Transportation 
Safety Board (NTSB) investigation concluded 
that the car detected something 5.6 seconds 
before the impact, but couldn’t identify it, 
and that the safety operator was looking away 
from the road for an extended period at the 
time. The safety driver is awaiting trial for 
negligent homicide over the death. The NTSB 
report criticised the “inadequate safety 
culture” in Uber’s autonomous vehicle 
division at the time. 

Sam Abuelsamid at consulting firm 
Guidehouse, an engineer who formerly 
developed car safety systems, says a general 
problem with driverless technologies is that 
developers often have “no background in safety 
critical systems”. Instead they “came from 
technology businesses, where ‘move fast and 
break things’ works well”, he says. Nobody dies 
ifa photo app fails — but it’s a different story 
when a ton of metal crashes at highway speed. 


But blaming cars and their developers masks 
amore fundamental problem with level-3 
autonomy. A study at the University of 
Southampton, UK, in 2017 showed that people 
took an average of about 5 seconds to take 
control of an autonomous vehicle, with 
individual times ranging from 2 to nearly 
26 seconds. A car at a speed of 100 kilometres 
an hour travels something like 140 metres 
in 5 seconds; even at alow speed of 
30 kilometres an hour, a 5-second reaction 
time corresponds to more than 40 metres, 
and you have to add braking distance to that. 

This fundamental limitation seems 
to undermine any hope that human and 
vehicle can somehow share responsibility 
for reacting to unexpected situations. For 
that reason, many car-makers are hoping 
to bypass level-3 autonomy altogether and 
proceed straight to level 4, in which the vehicle 
has sole control in certain defined areas — 
so the driver could take anap,forinstance. » 


KEEP ON 
AUTONOMOUS 
TRUCKING 


The newest trend in autonomous 
vehicles is putting robots on 

the road for long-haul trucking, 
where many trips are largely 

on limited-access highways that 
autonomous vehicles can navigate 
readily. A human driver could take 
the trucks to the highway at the 
start of the trip, with another 
driver picking up the truck at 

an exit near its destination. 

Most interest so far has been in 
the sprawling US. The automated 
vehicle companies Waymo and 
Aurora have both expanded into 
trucks; start-up TuSimple, based 
in San Diego in California, started 
out with them. It has been running 
tests on highways from Arizona to 
Texas, with a driver on board for 
safety and monitoring. The trucks 
have lidar (which uses lasers 
to sense surroundings) with a 
200-metre range, a microwave 
radar with a 300-metre range and 
high-definition cameras that can 
identify objects up to a kilometre 
away. The increased detection 
distances reflect the extra time 
needed to stop a fully loaded lorry. 

The goal for long-haul trucking 
is level-4 autonomy with a twist. 
A qualified truck driver would 
ride on board, but wouldn't have 
to pay attention or even stay 
awake. In the controlled highway 
environment, the vehicle 
could bring itself to a safe halt 
if something went wrong or it 
encountered weather or highway 
conditions it couldn't handle. 
Then it could wake the driver and 
brief them to take over the wheel. 
That would avoid the sleep stops 
that US authorities require for 
human truckers, increasing 
efficiency and speeding valuable 
loads to their destinations. 
TuSimple hopes to start delivering 
level-4 robo-trucks by 2024. 
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HOW SAFE ARE 
SELF-DRIVING CARS? 


Proponents of autonomous 
vehicles often point to studies 
by the US National Highway 
Traffic Safety Administration 
(NHTSA) blaming driver error for 
around 94 per cent of all traffic 
accidents as areason to forge 
ahead with their introduction. 
Robotic vehicles certainly 
aren't prone to reckless human 
behaviours such as excessive 
speed, and they don’t drink 
or take drugs. But robots are 
also imperfect, and reports 
of crashes have received 
a lot of publicity. 


Fatal mistakes 


With more than a million cars 

on the road with its “Autopilot” 
feature, Tesla has taken particular 
heat. At first glance, the numbers 
look bad. A website called Tesla 
Deaths has, as of 21 July 2021, 
counted a total of 196 deaths 

in 167 crashes involving Teslas 
around the world since the cars 
came on the market in 2013. 

Yet those numbers include 
Teslas hit by other vehicles, 
and indirect causes of accidents. 
It seems that Autopilot may 
have been active only in 
18 crashes. Autopilot is also 
a limited-autonomy system 
that mandates the driver to 
be fully attentive and ready 
to take over at any time. 

So far, the US National 
Transportation Safety Board 
has conclusively linked only 
three fatalities to Autopilot 
in the US. Two of the three 
were strikingly similar: Teslas 
smashed at highway speed into 
plain white trucks crossing the 
road ahead of them with bright 
sky behind the truck. 
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An alert human driver would 
have spotted the difference in 
colour, but videos showing what 
Autopilot cameras see display 
monochrome images. The 
advantage of monochrome 
images is that Al can process 
data fast enough to drive the 
car. In a third highly publicised 
accident, an Apple engineer 
died when his Tesla slammed 
into a concrete barrier where 
lanes split on a Silicon Valley 
highway in California. 

The NHTSA told New Scientist 
that, as of 16 June, it was 
investigating Autopilot’s possible 
role in a further 30 accidents, 
not all fatal. One of those being 
investigated is a crash that 
killed two Texas men supposedly 
trying to get the car to drive itself. 
Although Autopilot erred in that 
it failed to detect an obstacle, 
the drivers weren't watching 
the road ahead as they were 
supposed to when the feature 
is turned on. 

The public certainly needs 
to feel better about the safety 
of autonomous vehicles if they 
are to have wider pick-up. 
Arecent poll by the American 
Automobile Association showed 
that more than half of drivers 
want their next car to include 
driver assistance features, but 
only 14 per cent would feel 
safe riding in a self-driving car. 

On 29 June, the NHTSA 
ordered car-makers to 
report all serious accidents 
on public roads involving cars 
with level-2 autonomy and 
above within one day of being 
informed of the crash. It says 
it needs the data to study 
safety issues posed by the 
automated systems. 


This is where obstacles to automation 
become a machine vision issue. Autonomous 
vehicles rely on computers analysing sensor 
inputs to identify objects, measure changes 
in their position, predict motions and steer 
the car to avoid dangers. The systems depend 
heavily on machine learning, a type of artificial 
intelligence that collects and analyses data to 
modify its own algorithms. 

Most early self-driving test cars were topped 
by spinning laser-based radars, or lidars. 
Operating at much shorter wavelengths than 
conventional radars, these can measure speed 
and distance alot more accurately than radar 
at distances of up to about 200 metres. Lidars 
were initially considered essential for real-time, 
three-dimensional tracking of the local 
environment, including other cars, pedestrians 
and cyclists. But at $60,000, early lidars cost 
more than most cars. Musk in particular took 
against them, deciding that conventional radar, 
cameras and improvements in computing 
technology would be enough. 


Human superiority 


But standard radars in fast-moving cars can’t 
spot static objects if other things clutter the 
field of view. In May 2021, Musk announced 
that Tesla was abandoning radar, leaving it 
heavily dependent on camera data. Camera- 
based systems can classify objects reasonably 
well, but have difficulty measuring distance, 
making it hard to predict other vehicles’ paths. 

Lidar might still ride to the rescue. Prices 
have tumbled, with compact, integrated 
systems costing $500 for driver-assistance 
modules and $1000 for fully autonomous 
cars. Audi, Honda, Toyota and Volvo have all 
added them into their plans for new models 
with autonomous features. 

But even with lidar, autonomous car sensor 
systems will be “brittle”, says Abuelsamid. 
“They often fail on something that would 
be no problem for a human,” he says. Missy 
Cummings, director of Duke University’s 
Humans and Autonomy Lab, is blunter. 
“People need to sit back and doa fundamental 
rethink of how to make self-driving cars,” she 
says. “The current way we are approaching 


computer vision is not going to scale and is 
not going to work.” 

To her, the key problem is that machine 
learning depends on combining individual 
sensor inputs, lacking the power of top-down 
reasoning that humans develop from an 
overall understanding of the world. “Machine 
learning works only from the bottom up,” 
she says. We can instinctively tell, for example, 
whether lane markings are complete or dashed 
lines even if they are partly covered by snow, 
or that a stop sign remains a stop sign even if 
partially obscured, and instantly recognise 
the implications ofan emergency vehicle 
heading our way. Machine learning has 
problems with them all, and even lacks 
the basic intuitive understanding ofthe 
laws of physics that people possess. 

Safety demands that truly autonomous 
vehicles should take avoiding actions, slow 
down and stop in any unfamiliar situation 
that might be unsafe. But “all deep-learning 
systems have false alarms or mistakes”, says 
Cummings. Self-driving cars that stop at every 
false alarm would cause gridlock and any 
number of rear-end collisions. 

That is an inherent limitation of machine 
learning. Whereas a few years ago the big 
question seemed to be how long it would 
take to reach the nirvana of level 5, or full, 
go-anywhere autonomy, now it is which 
section of a journey can be made autonomous. 

GM’s CEO Mary Barra says the company’s 
goal is to extend Super Cruise to allow “hands- 
free transportation in 95 per cent ofall driving 
scenarios”. That’s a tall order, however. The 
US alone has 6.5 million kilometres of public 


roads, only 300,000 kilometres of which meet 
current Super Cruise requirements. Of those 
that aren’t covered by the system, 4.2 million 
kilometres are paved, ranging from busy city 
streets and quiet, wide, well-maintained 
streets in affluent suburbs to lightly travelled 
two-lane rural byways without centre lines. 
The remaining 2 million kilometres are 
unpaved, lacking markings and often signs. 
The need to upgrade those roads to be robot- 
friendly “is a hidden cost most people are not 
thinking of”, says Cummings. In any event, 
the priority should be repairing the country’s 
crumbling highways, she says. 

That doesn’t mean truly autonomous 
vehicles have no part to play. Robots’ great 
strengths include their ability to deal with 


If you find these signs 
confusing, what's a 
robot vehicle to do? 


Navigating complex 
city environments 
exceeds autonomous 
car capabilities 


boredom on long, predictable stretches, and 
not needing to sleep. That has led to growing 
interest in autonomous trucks for freight 
transport, which can bypass many concerns 
dogging vehicles with human passengers 
(see “Keep on automated trucking”, page 47). 

Navigating poorly marked roadworks, 
snow-covered surfaces or complex city 
environments full of pedestrians, cyclists, 
parked cars and traffic signals is a different 
matter. While truly autonomous consumer 
options seem to be on the road to nowhere, 
there are still near-term hopes for automated 
taxi services on clearly defined, computer- 
navigable roads. GM's Cruise division is 
doing night-testing in San Francisco of a new 
autonomous ride-sharing vehicle called the 
Origin, which would carry four to six people 
rather than single passengers. Boston-based 
firm Optimus Ride is developing fleets of 
robo-cars that would provide transport in 
localised areas, with prime targets being older 
people who can no longer drive their own cars 
or have other mobility issues. Similar vehicles 
could provide shuttle services at airports, 
industrial parks or business campuses. 

But others are pulling back. Uber and Lyft 
both sold their vehicle development groups 
to other companies in the past year, citing the 
costs: Uber to Aurora, founded by a former 
Waymo engineer, and Lyft to Toyota. Jody 
Kelman, who heads self-driving planning at 
Lyft, says robo-taxis might be deployed safely 
by 2023, but only on certain streets, at certain 
speeds and in good weather. 

There is a growing sense that the phase of 
irrational exuberance that often characterises 
new technologies might be over for self-driving 
cars, replaced by a more limited vision in 
which automation doesn’t fully replace 
» human drivers, but helps us drive better 
= under certain circumstances. That's still 
E arevolution of sorts —just not the one, 


: perhaps, we first thought was coming. 
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Jeff Hecht is a freelance 
writer based in Boston, 
Massachusetts 
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Online event | Thursday 2 September 2021 
6-7pm BST, 1pm-2pm EDT and on-demand 


The laws of physics are great at explaining what 
actually does happen — but not so hot at telling us 
what can and can’t happen. 


In this talk, Chiara Marletto discusses how a 
revolutionary approach could bring us new and 
better theories of physics. She'll also explain how 
this “science of can and can’t” could deliver 
unimaginably powerful programmable machines — 
and perhaps tell us what’s going on inside our 
own brains, too. 


For more information and 
to book your place visit: 


newscientist.com/chiara-marletto 
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Sam Wong is social media 
editor and self-appointed 
chief gourmand at 

New Scientist. Follow 

him @samwong1 


What you need 

300g plain flour 

Half a teaspoon of salt 

2 tsp baking powder 

Half tsp bicarbonate of soda 
2 eggs 

300ml yogurt 

80g butter, melted 

250g cooked beetroot 
1500mg vitamin C tablet 
100g goat's cheese, crumbled 
or chopped 

50g walnuts, chopped 


The science of cooking 
appears every four weeks 


Next week 
Stargazing at home 


The science of cooking 


Beautiful beetroot 


Beetroot is one of the loveliest colours in the vegetable aisle, but it 
can lose its hues when baked. It doesn’t have to, says Sam Wong 


WITH its vibrant crimson hue, 
beetroot is a feast for the eyes as 
well as the stomach. It is great to 
bake with, and clever chemistry 
can help keep it pretty in pink. 

Beetroot gets its colour from 
pigments called betalains. These 
include betacyanins, which are red- 
violet, and betaxanthins, which 
are yellow-orange. Some beetroot 
varieties, such as Chioggia, have 
alternating layers of red phloem 
tissue and unpigmented xylem, 
giving them a beautiful ringed 
pattern when sliced. 

Beetroot, sugar beet and 
chard are all cultivars of the same 
species, Beta vulgaris. Betalains 
are found in a handful of plant 
species, including prickly pear 
cactiand amaranth. They are quite 
different from anthocyanins, a 
more common group of pigments 
that impart red and blue colours 
to apples, cabbages, potatoes and 
many berries. Anthocyanins are 
sensitive to pH, turning bluer in 
the presence of alkalis and redder 
in the presence of acids; betalains 
aren't such good indicators. 

Betalains aren't fat-soluble, so if 
you worry about stains, rub oil on 
your hands and chopping board 
before handling beetroot. When 
you eat it, most of the pigment 
gets broken down in the stomach, 
but some may be absorbed into 
the blood and make it into the 
urine. About 10 per cent of people 
pass urine with a red tinge after 
eating 100 grams of beetroot. 

The plant has been heralded as 
a superfood because ofits high 
concentration of nitrates. These 
get converted into nitric oxide, 


which relaxes the blood vessels, 
lowering blood pressure. Food 
safety groups advise against 
consuming too much because 
reactions in the stomach can form 


nitrosamines, which have been 
linked to gastric cancers (see 
New Scientist, 6 August 2016, p 26). 
Beetroot can be used in baking 
to make bread and cakes with 
striking shades of red. But when 
processed, the betalains can react 
with oxygen in the air, making the 
colour fade, particularly during 
baking. You can stop this by 
adding crushed vitamin C tablets. 
Vitamin C is an antioxidant, so 
it inhibits the oxidation reactions 
that degrade the pigment. You can 
also observe its effect on fruit or 
vegetables that tend to go brown 
after being cut, such as apples or 
avocados. Phenolic compounds 


Twisteddoodles 

for New Scientist 
Picturing the lighter 
side of life 56 


stored in plant cell storage bubbles 
called vacuoles come into contact 
with enzymes and oxygen when 
these fruit or veg are cut, forming 
molecules that bond together in 
light-absorbing clusters. Acids 

like lemon juice slow this reaction, 
but vitamin C, both an acid and 

an antioxidant, works better. 

To make beetroot muffins, sift 
the flour and mix with the salt, 
baking powder and bicarbonate 
of soda. Beat the eggs and mix 
with the yogurt and melted butter. 
Grate the beetroot and mix with 
the crushed vitamin tablet. Fold all 
the ingredients together. Divide 
into 12 cases in a muffin tin, and 
bake at 190°C for 25 minutes. ! 

These articles are 
| posted each week at 
newscientist.com/maker 
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The back pages Puzzles 


Quick crossword #88 Set by Richard Smyth 
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ACROSS 


1 James___,Gaia theorist (8) 
5 __'swort, plant in the family 
Hypericaceae (2,4) 
10 Threaded fastener that can 
be tightened by hand (4,3) 
11 Like an automaton (7) 
12 Type of stress denoted by T (5) 
13 Zn0(4,5) 
14 Condition resulting from poor diet (12) 
18 Study of the nervous system (12) 
21 Early phase of software assessment (5,44) 
23 Corundite (5) 
24 Stretchy (7) 
25 Tube for the removal of urine (7) 
26 Vision (6) 
27 The meaning of life, according 
to Douglas Adams (5-3) 
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Answers and 
the next cryptic 


DOWN 


Least; deepest (6) 
Thin cosmetic layer (6) 
Moon ring (5,44) 
Data gathering or other study undertaken 
by non-scientists (7,7) 
Pertaining to the shin bone (prefix) (5) 
Bone inflammation (8) 
Protons or neutrons (8) 
Controversial video-game franchise 
launched in 1997 (5,5,4) 
15 Small increase (9) 
16 1992 cybercrime comedy film (8) 
17 Salt of H,SO, (8) 
19 Of steel, between around 425°C 
and 980°C (3,3) 
20 Electrical generator (6) 
22 Protein, important in muscle contraction (5) 
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T 
= Our crosswords are now solvable online 
newscientist.com/crosswords 


crossword next week 


SHUTTERSTOCK/ART_GIRL 


Quick quiz #112 
1. Which element has an atomic number of 24? 
2 In geology, what is a varve? 


3 On which planet in our solar system would 
you find a persistent, hexagonal cloud pattern? 


& What name is given to the study 
of abnormalities in an organism's 
physiological development? 


5 What does JPEG stand for? 


Answers on page 55 


Puzzle 
set by Barry R. Clarke 
#124 Next-door jackdaws 


— = . 


Four jackdaws, Aak, Bik, Crawk and Deek, 
all live close to the edge of Tree Cherry Plain. 
Each has a nest containing 10 silver rings 
that they have stolen from local houses. 
However, being untrustworthy neighbours, 
they also like to pilfer from each other. 


On Monday, Aak steals some rings (call the 
number K) from Crawk. On Tuesday, Crawk 
takes L from Bik. On Wednesday, Deek steals 
M from Crawk. On Thursday, Deek takes N 
from Bik. On Friday, Aak removes L from 
Deek. Finally, on Saturday, Bik flies off 

with M from Aak. 


This leaves Aak with 15, Bik with 1, 
Crawk with 11 and Deek with 13. 

The values K, L, M and N are all different 
numbers in the range 1-9. What are 
their values? 


Answer next week 


people's 
trust for 


species 


Planet Boost 


A project to assist environmental charities in 
getting their message out. Today, a message 
from People’s Trust for Endangered Species 


999 2685 
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e 
mesa hazel dormice? 
Aldous rH" CAN MAKE 

THE — cowutraeocrng 55 Hazel dormice are considered vulnerable and could go extinct in 

HAL EG G CAME FI ST VOLTAIRE Britain; our State of Britain's Dormice report revealed an alarming loss 

22 nd hdeane of 51% of the population since 2000. Managed ancient woodlands 

where they once flourished are scarce and the hedgerows that provided 
vital wildlife corridors have declined in both extent and condition over 
the past decade. 

Dormice play an important ecological role in maintaining high 
quality scrub and woodland habitat. We provide advice to woodland 
owners, Managers and ecologists on how to make woods dormouse- 
friendly, ensuring countless other wildlife species also reap the benefits. 

Where the habitat is not optimal, and as natural nesting and 
breeding sites become increasingly hard to find, the humble wooden 
nest box comes into its own. Nest boxes provide a safe space where 
dormice can take shelter from wind and rain, hide from predators, give 
birth and raise their young, or just enjoy a leisurely nap. 

We supply around 3000 dormouse boxes every year to various 
Sites in Britain, making 20,000 in total so far. Some of them will be 
installed for the first time and the others to replace older, rotted boxes. 
The boxes are checked at least twice a year and information including 
number of dormice, age and sex is recorded on our database, as part of 


- b f: our National Dormice Monitoring Programme. From this, we've been 
E In urg S Tamous able to successfully monitor the dormouse population across the 
country, collecting important data on how they're doing. 
fossil shop We collate records from over 400 dormouse monitoring sites 


across the UK with at least 50 nest boxes that are regularly checked for 
dormice. Monitoring, recording and processing this vital long-term data 

r b requires a huge amount of financial support. But the work is vital to 
provide the stats necessary to identify population trends and ensure 
that our conservation efforts are effectively focused. 


MIN VWUUY OPFUSOSOILSO 


Want to help? 
www.mrwoodsfossils.co.uk We simply couldn’t do it without the help of our 
5 Cowgatehe ad. Grassmarket, E dinburgh wonderful supporters. Make a difference to dormice 
d ) ) 


Scotland EH11JY 0131220 1344 today by donating at ptes.org/dormice-NS 


REGISTERED CHARITY NUMBER: 274.206 


To advertise here please email chloe.summerhill@mailmetromedia.co.uk or call 07867 980409 


GUY COX 


The back pages Almost the last word 


Alow bow 


I saw a strange rainbow, at the 
wrong height compared with 
anormal one. It is supposedly 
impossible to see a rainbow 

at any other angle than around 
42 degrees, but the arc of my 
“low bow” (pictured below) 
looked like 21 degrees. 

Can anyone explain? 


Mike Follows 


Sutton Coldfield, West Midlands, UK 


This rainbow is low because the 

photograph was taken when the 

sun was high in the sky. 
Rainbows occur when sunlight 


gets refracted inside raindrops and 


is reflected at least once off their 
inside surface. Rainbows form on 
the arc ofa circle with a radius of 
about 42 degrees, centred on the 
so-called “anti-solar point”, which 
is located exactly opposite the 
sun from the observer’s point 
of view. This means that the sun 
is directly behind you when you 
see a rainbow ahead of you. It also 
means that the top of the bow rises 
as the sun sinks and vice versa. 
We normally only see the 
portion ofa rainbow that is 
above the horizon, unless we 
are looking down from a high 
vantage point like a plane when 
there are raindrops in the air 
between us and the ground, 
and the sun is overhead. 


Grant Hutchison 

Dundee, UK 

The rainbow’s apex will stand 

42 degrees above the horizon 
only when the sun is sitting on 
the opposite horizon, at sunrise 
or sunset. When the sun is higher 
in the sky, the rainbow will be 
correspondingly lower. If the 

sun is more than 42 degrees 
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MARTIN GORST 


This week’s new questions 


Snail trail Why do snails sometimes leave dotted trails 
(pictured)? Martin Gorst, London, UK 


Kinky locks When I was young and had long hair, Ihada 
kink some 5 to 8 centimetres from my scalp. Fifty years later, 
with a covid-induced haircut shortage, I found the kink 

is still there. How do the hairs know just where to bend? 
Roger Lampert, St Albans, Hertfordshire, UK 


above the horizon (as happens 
every day in the tropics), the 
rainbow arc will be entirely 
below the horizon. 

When the sun is at any position 
between the horizon and 
42 degrees above it, a “low” 
rainbow arc will appear. An arc 
extending to only 21 degrees 
above the horizon corresponds 
toa solar altitude of 21 degrees. 

The sun passes through this 
altitude on every day ofthe year 
at the place where the “low 
bow’ picture was taken, namely 
St Albans in New South Wales, 
Australia, which lies about 
33 degrees from the equator. 
So sucha rainbow arc is possible, 
twice a day, on any day ofthe 
year at this location. 

Rainbow arcs of 21 degrees 


become impossible on some days 
of the year around the winter 
solstice only when the observer 
is at a latitude higher than 
approximately 45.5 degrees, 
where the winter-solstice sun will 
fail to rise more than 21 degrees 
above the horizon. 

However, such rainbows are 
always potentially visible on days 
around the summer solstice, for 
an observer at any latitude, since 
the sun climbs to a summer- 
solstice altitude of 23.5 degrees 
at noon even at the poles. 


David Muir 
Edinburgh, UK 


The highest rainbows are seen just 


after sunrise or just before sunset 
when the sun’s elevation is at its 
lowest. As rainbows are about 


Want to send us a question or answer? 

Email us at lastword@newscientist.com 

Questions should be about everyday science phenomena 
Full terms and conditions at newscientist.com/lw-terms 


Snails leave a trail of slime 
when they move, but why 
isit sometimes patchy? 


42 degrees in radius, ifthe sun 

is higher than 42 degrees, the 
rainbow won't be visible to an 
observer on the ground. It is, 
however, possible for an observer 
in an aeroplane to see a full 
circular rainbow. 

As I write this in Edinburgh 
onthe summer solstice, the sun’s 
elevation is above 42 degrees for 
around 6 hours at the height 
of the day. Ihave no chance of 
seeing a rainbow then, even if 
summer rain falls — unless I use 
a garden hose to make a perfect 
circular rainbow. 


Growing problems 


Do plants, fungi or microorganisms 
get cancer or analogous 
uncontrolled cellular growth? 


Herman D’Hondt 

Sydney, Australia 

We usually say that an animal 
has cancer when it has atumour, 
aclump of cells that multiply 
out of control. Ifwe accept that 
as the definition of cancer then, 
yes, plants can get cancer. 

In plants, cancers can have 
many different causes, but they 
are usually the result ofan 
infection. For example, swollen 
knot-like structures called crown 
galls that affect many species 
of tree are often caused by the 
bacterium Agrobacterium 
tumefaciens. Similarly, in humans, 
cervical cancer is usually caused 
by the human papillomavirus. 

However, plant cancers differ 
from animal cancers in two main 
respects. First of all, plants don’t 
have cells that circulate through 
the system, so their cancers 
cannot metastasise. It is this 
spreading of the cancer cells to 
other tissues that usually kills 
the animal. 

The second difference is that 
plants don’t have any organs that 
are essential for life. Ifa tumour 
destroys an organ like our brain 
or our liver, we will die. Plants have 


Tom Gauld 
for New Scientist 
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TEAM ARE ON 


= THCIR WAY. BUT IS IT REALLY SO MUCH 
7 TROUBLE TO COLLECT A FEW ENZYME 
SAMPLES WHILE YOU'RE IN THERE? 


it easier: if a branch or other part 
is killed by atumour, they can 
always grow another one. 


Richard Oliver 

Attenborough, 

Nottinghamshire, UK 

A small but interesting group of 
plant diseases result in localised 
growth of the host tissue. These 
are all associated with a pathogen 
such as a virus or bacterium, or 
with pests such as certain insects. 

One common example is 
clubroot, which affects brassicas 
like cabbage, broccoli and 
cauliflower. It occurs when plants 
are infected by a soil-living 
organism called Plasmodiophora 
brassicae, and it leads to swollen 
and deformed roots. 

Another example is a disease 
called witches’ broom, which 
results in the sprouting of spindly 
stalks from infected tissue. In the 
cacao tree, it is caused by the 
fungus Moniliophthora perniciosa. 

The standard textbook of plant 
pathology by George Agrios makes 
no mention of tumours that aren’t 
linked to a pathogen, but I reckon 


“Ifa tumour destroys 
an organ like our brain 
or our liver, we will 
die. Plants have it 
easier: they can always 
grow another branch” 


that if you looked hard enough 
(very hard in the case of fungi and 
bacteria), they would be found. 


On that note 


When two musical notes are an 
octave apart, one has double the 
frequency of the other yet we hear 
them as the “same” note - a “C" for 
example. Why is this? (continued) 


Sara Goldsmith Pascoe 
Bournemouth, UK 
Our experience of musical 
intervals and the uncanny 
“sameness” of octaves is 
encoded in our neuroanatomy. 
The neuroscience of music is 
rich, complex and not without 
controversy. But some things 
are established. For example, 
professional musicians develop 


larger musical cortices, much the 
way that London black cab drivers 
increase the volume of parts of 
their hippocampus while learning 
routes during their training. 

It is also agreed that an area 
within the auditory cortex is 
responsible for our perception of 
music, including highly organised 
columns of neurons referred to as 
“organ pipes” that were first noted 
in 1925. They look breathtaking 
under the microscope. And 
individual neurons in the auditory 
cortex of monkeys, cats, bats and 
others selectively respond to 
specific pure tones. Some neurons 
in this area respond specifically 
to octaves, rather than pure tones. 

It turns out that the use of tonal 
intervals is fundamental not only 
to music, but also to speech and 
animal vocalisations. Charles 
Darwin, for instance, reported 
that other species spontaneously 
vocalise in scales in the increments 
many of us also use. It would 
seem that music, including octave 
perception, is fundamental to 
some animals and subserved by 
the machinations of our brains. ! 


Answers 


Quick quiz #112 
Answers 


1 Chromium 


2 Apair of layers of sediment 
or sedimentary rock, representing 
a year's worth of deposits 


3 Saturn 
4 Teratology 


5 Joint Photographic Experts Group 


Cryptic crossword 
#62 Answers 


ACROSS 1 Shuttlecocks, 8 Hoax, 
9 Chewier, 11 Ryes, 12 Isotopic, 

15 Murine, 16 Oolong, 

18 Rigorous, 19 Kohl, 21 Incline, 
23 Blip, 24 Lab assistant 


DOWN 2 Hooked rug, 3 Taxi, 
4 Locust, 5 C-section, 6 CGI, 
7 Struck gold, 10 Primordial, 
13 Promotion, L4 Androids, 
17 Humeri, 20 Abut, 22 Cub 


#123 Cara’s fleet 
of cars 
Solution 


Fifteen cars can be placed in the 
order: 7,56, 8, 4,52, 2,54,9, 
5, ©), (0), ALO}, 5, S'S), ala. 


Here’s a diagram showing all the 
possible connections: 
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The back pages Feedback 


It’s got legs 


Slightly off-putting news comes 
from Japan that a 36-armed 
octopus has recently debuted in 
an aquarium in the city of Sasebo 
in Nagasaki prefecture. 

This, we discover, is a rare but 
far from unique phenomenon, 
thought to be the product of 
mutant regeneration of limbs bitten 
off by predators. A 96-legged 
octopus captured in 1998 in 
Matoya Bay, also in Japan, even 
survived long enough in captivity 
to have (octopedal) young. 

Our next question of whether 
octopus legs only come in multiples 
of eight is answered by the presence 
of an 85-limbed specimen in Japan's 
Toba Aquarium. 

Octopuses are famously 
resourceful creatures, but given 
some people's occasional problems 
coordinating just two limbs, we can 
only see such numbers as a burden. 

Then again, given the recent 
revelation in these pages that 
each leg of an octopus might be 
independently conscious (10 July, 
p 38), it might be a case of many 
minds make light work - and 
probably good for playing the 
accordion, we imagine. All in all, 
though, all the more reason for 
concerted action on cephalopod 
rights (see page 25). 


Toilet hygiene 


Keith Houston passes ona sign 
seen in Kiama, New South Wales— 
Australia, he stresses, we assume 
for the avoidance of confusion 
with old south Wales. “Visitor 
Information Centre — Toilet 
Upgrade and Amplification”, 

it declares, and in only slightly 
smaller point size underneath, 
“Proudly funded by the NSW 
Government”. 

We aren’t sure where to go 
with this, except to say that if 
you re going to be loud about 
it, you might as well be proud. 
It’s not quite as in-your-face 
as the sign Feedback spotted 
when caught short passing 
the delightful manor house 
of Ightham — pronunciation 
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Twisteddoodles for New Scientist 
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Got a story for Feedback? 

Send it to feedback@newscientist.com or New Scientist, 
Northcliffe House, 2 Derry Street, London W8 5TT 
Consideration of items sent in the post will be delayed 


ona postcard -— Mote in the equally 
delightful county of Kent: “Toilets 
open as restaurant”. This was a 
suggestion we were at pains not 

to amplify upon. 


Upside out 


Feedback has been spending much 
of the past weeks looking at the 
world through our (two) legs. It’s the 
new yoga season, yes, but it’s also 
a late-onset reaction to our recent 
musings about the variable size of 
the moon seen thuswise (17 July). 
We can confirm Philip Welsby’s 
finding that the flattening of the 
field of vision does give a new 
perspective on life, although we 
haven't gone as far as he has and 
tried the brain-confounding effects 
of two simultaneous symmetry 
inversions. “I sat on some chocolate 
and decided to bend over in front 
of a mirror and use a sponge on the 


seat of my pants,” he says. “I was 
simultaneously surprised to find 
myself wiping the mirror and 
annoyed that the image continued 
to show chocolate.” 

We sympathise. Kudos to the 
first Feedback reader who can 
demonstrate conclusively, either 
with appropriate photographic 
evidence or theoretical calculation, 
whether the moon viewed ina 
mirror upside down between your 
legs looks (a) smaller, (b) larger 
or (c) the same size as normal. 


Fudged judgment 


Casting our eyes to the north for 
our next item — or possibly south, 
it’s hard to tell from this position — 
Richard Shirreffs of Aberdeen, UK, 
draws our attention to an article 
in The Scotsman newspaper 

of 17 July. In the article, headed 
“Climate protesters found guilty”, 


we read that “A verdict was 
expected last month” from 
judge Sally Fudge, “but Ms Fudge 
agreed to postpone the trial to 
await the outcome ofa Supreme 
Court judgment”. 

A wonderful euphony, but as 
to Richard’s speculation about a 
new phenomenon of nominative 
indeterminacy rearing its head, 
we are reserving judgement. 


Catch the koala 


Pining for the days of simple 
measurements in terms of blue 
whales, elephants and Eiffel 
Towers (0.39 Burj Khalifas for those 
struggling with the conversion), 
Margherita Hooi is confused by 
an article in Adelaide newspaper 
The Advertiser about ear-tag 
homing beacons that can be used 
to quickly find koalas caught up in 
bushfires. It expends a considerable 
portion of five short paragraphs 
explaining that the beacons are not 
only the size of a five-cent piece, 
but weigh less than a slice of bread. 

We're not about to convert 
that into blue whales for you, 
Margherita, but after a bit of 
mental gymnastics, we've worked 
out that it’s probably a better 
solution for the cuddly koalas 
than a sensor that weighs less 
than a five-cent piece but is the 
size of a slice of bread. 

We're also intrigued by the 
suggestion in the same article 
that koalas “have been fitted 
with bluetooth ear tags that allow 
mobile phones to detect them 
from 20m away”. That gives a 
whole new meaning to the phrase 
“bush telegraph”. 


From other shores 


Following our recent item on solar 
system ambassadors and anew 
solar system walk in Ventnor, New 
Jersey (17 July), we are indebted to 
Bill Darroch for pointing out that 
the pre-existing Ventnor, UK, has 
a pre-existing one. We are yet to 
hear word from representatives 
from other solar system Ventnors, 
but rest assured you will be among 
the first to know. # 
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